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FOREWORD 


The  National  Toxicology  Program  (NTP)  is  made  up  of  four  charter  agencies  of  the  U.S.  Department 
of  Health  and  Human  Services  (DHHS):  the  National  Cancer  Institute  (NCI),  National  Institutes  of 
Health;  the  National  Institute  of  Environmental  Health  Sciences  (NIEHS),  National  Institutes  of 
Health;  the  National  Center  for  Toxicological  Research  (NCTR),  Food  and  Drug  Administration;  and 
the  National  Institute  for  Occupational  Safety  and  Health  (NIOSH),  Centers  for  Disease  Control.  In 
July  1981,  the  Carcinogenesis  Bioassay  Testing  Program,  NCI,  was  transferred  to  the  NIEHS.  The 
NTP  coordinates  the  relevant  programs,  staff,  and  resources  from  these  Public  Health  Service  agen- 
cies relating  to  basic  and  applied  research  and  to  biological  assay  development  and  validation. 

The  NTP  develops,  evaluates,  and  disseminates  scientific  information  about  potentially  toxic  and 
hazardous  chemicals.  This  knowledge  is  used  for  protecting  the  health  of  the  American  people  and  for 
the  primary  prevention  of  disease. 

The  studies  described  in  this  Technical  Report  were  performed  under  the  direction  of  the  NIEHS  and 
were  conducted  in  compliance  with  NTP  chemical  health  and  safety  requirements  and  must  meet  or 
exceed  all  applicable  Federal,  state,  and  local  health  and  safety  regulations.  Animal  care  and  use 
were  in  accordance  with  the  Public  Health  Service  Policy  on  Humane  Care  and  Use  of  Animals.  All 
NTP  toxicology  and  carcinogenesis  studies  are  subjected  to  a comprehensive  audit  before  being  pre- 
sented for  public  review.  This  Technical  Report  has  been  reviewed  and  approved  by  the  NTP  Board  of 
Scientific  Counselors’  Peer  Review  Panel  in  public  session;  the  interpretations  described  herein  rep- 
resent the  official  scientific  position  of  the  NTP. 

These  studies  are  designed  and  conducted  to  characterize  and  evaluate  the  toxicologic  potential,  in- 
cluding carcinogenic  activity,  of  selected  chemicals  in  laboratory  animals  (usually  two  species,  rats 
and  mice).  Chemicals  selected  for  NTP  toxicology  and  carcinogenesis  studies  are  chosen  primarily  on 
the  bases  of  human  exposure,  level  of  production,  and  chemical  structure.  Selection  per  se  is  not  an 
indicator  of  a chemical’s  carcinogenic  potential. 

These  NTP  Technical  Reports  are  available  for  sale  from  the  National  Technical  Information  Service, 
U.S.  Department  of  Commerce,  5285  Port  Royal  Road,  Springfield,  VA  22161  (703-487-4650).  Single 
copies  of  this  Technical  Report  are  available  without  charge  while  supplies  last  from  the  NTP  Public 
Information  Office,  NIEHS,  P.O.  Box  12233,  Research  Triangle  Park,  NC  27709  (919-541-3991). 
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BENZALDEHYDE 

CAS  No.  100-52-7 

C7H6O  Molecular  weight  106.1 

Synonyms:  Artificial  almond  oil;  artificial  essential  oil  of  almond;  benzenecarbonal; 
benzene  carbaldehyde;  benzoic  aldehyde;  phenylmethanal 

ABSTRACT 

Benzaldehyde  is  an  aromatic  aldehyde  used  in  the  food,  beverage,  pharmaceutical,  perfume,  soap,  and 
dyestuff  industries.  Toxicology  and  carcinogenesis  studies  were  conducted  by  administering  benzal- 
dehyde (99%  pure)  in  corn  oil  by  gavage  to  groups  of  F344/N  rats  and  B6C3Fi  mice  of  each  sex  for  16 
days,  13  weeks,  or  2 years.  Genetic  toxicology  studies  were  conducted  in  Salmonella  typhimurium, 
mouse  lymphoma  cells,  Chinese  hamster  ovary  (CHO)  cells,  and  Drosophila  melanogaster. 

Sixteen-Day  Studies:  All  rats  that  received  1,600  mg/kg  died  by  day  2,  and  2/5  males  and  2/5  females 
that  received  800  mg/kg  died  before  the  end  of  the  studies.  Final  mean  body  weights  of  dosed  and  ve- 
hicle control  rats  were  similar,  with  the  exception  of  the  800  mg/kg  groups,  in  which  males  were  14% 
lighter  and  females  were  11%  lighter  than  vehicle  controls.  All  mice  that  received  1,600  or  3,200 
mg/kg  died  by  day  3.  Final  mean  body  weights  of  dosed  and  vehicle  control  mice  were  similar.  No 
gross  lesions  attributable  to  benzaldehyde  were  detected  upon  necropsy. 

Thirteen-Week  Studies:  Six  of  10  male  rats  and  3/10  female  rats  that  received  800  mg/kg  and  1/10  fe- 
male rats  that  received  400  mg/kg  died  near  the  end  of  the  studies.  Final  mean  body  weights  of  dosed 
and  vehicle  control  rats  were  similar,  with  the  exception  of  male  rats  receiving  800  mg/kg,  which 
were  26%  lighter  than  vehicle  controls.  Compound-related  lesions  seen  in  rats  receiving  800  mg/kg, 
but  not  in  those  receiving  400  mg/kg,  included  degeneration  and  necrosis  in  the  cerebellum,  necrosis 
in  the  hippocampus,  hyperplasia  and/or  hyperkeratosis  in  the  forestomach,  and  degeneration  or  ne- 
crosis of  the  liver  and  of  the  tubular  epithelium  in  the  kidney. 

Nine  of  10  male  mice  and  1/10  female  mice  that  received  1,200  mg/kg  benzaldehyde  died  by  the  end  of 
the  first  week.  Compound-related  renal  tubule  degeneration  and/or  necrosis  and  reduction  in  final 
body  weight  were  observed  in  the  600  mg/kg  group  of  male  mice.  No  reductions  in  body  weight  or 
compound-related  lesions  were  seen  in  female  mice. 

Based  on  observations  of  compound-related  lesions  involving  the  brain,  forestomach,  kidney,  and 
liver  of  male  and  female  rats  and  the  kidney  of  male  mice  in  the  13-week  studies,  2-year  studies  were 
conducted  by  administering  0,  200,  or  400  mg/kg  benzaldehyde  in  corn  oil  by  gavage,  5 days  per  week 
for  103  weeks  to  groups  of  50  male  and  50  female  rats  and  for  104  weeks  to  groups  of  50  male  mice. 
Based  on  survival  data  from  the  16-day  and  13-week  studies,  groups  of  50  female  mice  were  adminis- 
tered 0,  300,  or  600  mg/kg  benzaldehyde  for  103  weeks. 

Body  Weights  and  Survival  in  the  Two-Year  Studies:  Mean  body  weights  of  dosed  rats  and  mice  were 
similar  to  their  respective  vehicle  controls  throughout  the  studies.  The  survival  of  the  high  dose 
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group  of  male  rats  was  lower  than  that  of  the  vehicle  controls  after  1 year;  no  other  significant  differ- 
ences were  observed  between  any  groups  of  rats  or  mice  (survival— male  rats;  vehicle  control,  37/50; 
low  dose,  29/50;  high  dose,  21/50;  female  rats;  33/50;  33/50;  29/50;  male  mice;  32/50;  33/50;  31/50;  fe- 
male mice;  30/50;  27/50;  35/50). 

Nonneoplastic  and  Neoplastic  Effects  in  the  Two-Year  Studies:  The  only  effects  of  benzaldehyde  were 
those  seen  in  the  forestomach  of  mice.  The  incidences  of  uncommonly  occurring  squamous  cell 
papillomas  of  the  forestomach  in  both  exposure  groups  were  significantly  greater  than  those  in 
vehicle  controls  (male;  vehicle  control,  1/50;  low  dose,  2/50;  high  dose,  5/50;  female:  0/50;  5/50;  6/50). 
The  increased  incidences  of  papillomas  were  accompanied  by  dose-related  increases  in  the  incidences 
in  forestomach  hyperplasia  (male:  7/50;  8/50;  16/50;  female:  12/50;  23/50;  39/50). 

Genetic  Toxicology:  Benzaldehyde  was  not  mutagenic  in  six  strains  of  S.  typhimurium  and  did  not  in- 
duce chromosomal  aberrations  in  CHO  cells,  with  or  without  exogenous  metabolic  activation.  Benz- 
aldehyde induced  increases  in  trifluorothymidine-resistant  mouse  lymphoma  cells  in  the  absence  of 
exogenous  metabolic  activation  and  increased  sister  chromatid  exchanges  in  CHO  cells  in  both  the 
presence  and  absence  of  metabolic  activation.  Sex-linked  recessive  lethal  mutations  were  not  induced 
in  the  germ  cells  of  adult  male  D.  melanogaster  administered  benzaldehyde  by  feeding  or  by  injection. 

Conclusions:  Under  the  conditions  of  these  2-year  gavage  studies,  there  was  no  evidence  of  carcino- 
genic activity*  of  benzaldehyde  for  male  or  female  F344/N  rats  receiving  200  or  400  mg/kg  per  day. 
There  was  some  evidence  of  carcinogenic  activity  of  benzaldehyde  for  male  or  female  B6C3Fi  mice,  as 
indicated  by  increased  incidences  of  squamous  cell  papillomas  and  hyperplasia  of  the  forestomach. 
Female  rats  and  male  and  female  mice  might  have  been  able  to  tolerate  higher  doses. 


*Explanation  of  Levels  of  Evidence  of  Carcinogenic  Activity  is  on  page  6. 

A summary  of  the  Peer  Review  comments  and  the  public  discussion  on  this  Technical  Report  appears  on  page  9. 
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SUMMARY  OF  THE  TWO-YEAR  GAVAGE  STUDIES  OF  BENZALDEHYDE 


Male  F314/N  Rats 

Female  F344/N  Rats 

Male  B6C3Fi  Mice 

Female  B6C3Fj  Mice 

Doses 

0, 200,  or  400  mg/kg 

0,  200,  or  400  mg/kg 

0, 200,  or  400  mg/kg 

0, 300,  or  600  mg/kg 

benzaldehydc  in  corn  oil, 

benzaldehydc  in  corn  oil. 

benzaldehydc  in  corn  oil, 

benzaldehydc  in  corn  oil. 

5 d/wk 

5 d/wk 

5 d/wk 

5 d/wk 

Body  weights  in  the  2-year  study 

Dosed  and  vehicle  control 

Dosed  and  vehicle  control 

Dosed  and  vehicle  control 

Dosed  and  vehicle  control 

groups  similar 

groups  similar 

groups  similar 

groups  similar 

Survival  rates  in  the  2-year  study 

37/50;  29/50;  21/50 

33/50;  33/50;  29/50 

32/50;  33/50;  3 1/50 

30/50;  27/50;  35/50 

Nonneoplastic  effects 
None 

None 

Forestomach  hyperplasia 

Forestomach  hyperplasia 

(7/50;  8/50;  16/50) 

(12/50;  23/50;  39/50) 

Neoplastic  effects 
None 

None 

Forestomach  papillomas 

Forestomach  papillomas 

(1/50;  2/50;  5/50) 

(0/50;  5/50;  6/50) 

Level  of  evidence  of  carcinogenic  activity 

No  evidence 

No  evidence 

Some  evidence 

Some  evidence 
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EXPLANATION  OF  LEVELS  OF  EVIDENCE  OF  CARCINOGENIC  ACTIVITY 


The  National  Toxicology  Program  describes  the  results  of  individual  experiments  on  a chemical  agent  and  notes  the  strength  of 
the  evidence  for  conclusions  regarding  each  study.  Negative  results,  in  which  the  study  animals  do  not  have  a greater  incidence 
of  neoplasia  than  control  animals,  do  not  necessarily  mean  that  a chemical  is  not  a carcinogen,  inasmuch  as  the  experiments  are 
conducted  under  a limited  set  of  conditions.  Positive  results  demonstrate  that  a chemical  is  carcinogenic  for  laboratory  animals 
under  the  conditions  of  the  study  and  indicate  that  exposure  to  the  chemical  has  the  potential  for  hazard  to  humans.  Other 
organizations,  such  as  the  International  Agency  for  Research  on  Cancer,  assign  a strength  of  evidence  for  conclusions  based  on 
an  examination  of  all  available  evidence  including;  animal  studies  such  as  those  conducted  by  the  NTP,  epidemiologic  studies, 
and  estimates  of  exposure.  Thus,  the  actual  determination  of  risk  to  humans  from  chemicals  found  to  be  carcinogenic  in  labora- 
tory animals  requires  a wider  analysis  that  extends  beyond  the  purview  of  these  studies. 

Five  categories  of  evidence  of  carcinogenic  activity  are  used  in  the  Technical  Report  series  to  summarize  the  strength  of  the  evi- 
dence observed  in  each  experiment:  two  categories  for  positive  results  ("Clear  Evidence”  and  "Some  Evidence”);  one  category 
for  uncertain  findings  ("Equivocal  Evidence”);  one  category  for  no  observable  effects  ("No  Evidence”);  and  one  category  for  ex- 
periments that  because  of  major  flaws  cannot  be  evaluated  ( "Inadequate  Study”).  These  categories  of  interpretative  conclusions 
were  first  adopted  in  June  1983  and  then  revised  in  March  1986  for  use  in  the  Technical  Reports  series  to  incorporate  more 
specifically  the  concept  of  actual  weight  of  evidence  of  carcinogenic  activity.  For  each  separate  experiment  (male  rats,  female 
rats,  male  mice,  female  mice),  one  of  the  following  quintet  is  selected  to  describe  the  findings.  These  categories  refer  to  the 
strength  of  the  experimental  evidence  and  not  to  either  potency  or  mechanism. 

• Clear  Evidence  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  are  interpreted  as  showing  a dose-related 
(i)  increase  of  malignant  neoplasms,  (ii)  increase  of  a combination  of  malignant  and  benign  neoplasms,  or  (iii)  marked 
increase  of  benign  neoplasms  if  there  is  an  indication  from  this  or  other  studies  of  the  ability  of  such  tumors  to  progress 
to  malignancy. 

• Some  Evidence  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  are  interpreted  as  showing  a chemically 
related  increased  incidence  of  neoplasms  ( malignant,  benign,  or  combined)  in  which  the  strength  of  the  response  is  less 
than  that  required  for  clear  evidence. 

• Equivocal  Evidence  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  are  interpreted  as  showing  a mar- 
ginal increase  of  neoplasms  that  may  be  chemically  related. 

• No  Evidence  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  are  interpreted  as  showing  no  chemically  re- 
lated increases  in  malignant  or  benign  neoplasms. 

• Inadequate  Study  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  because  of  major  qualitative  or  quanti- 
tative limitations  cannot  be  interpreted  as  valid  for  showing  either  the  presence  or  absence  of  carcinogenic  activity. 

When  a conclusion  statement  for  a particular  experiment  is  selected,  consideration  must  be  given  to  key  factors  that  would  ex- 
tend the  actual  boundary  of  an  individual  category  of  evidence.  This  should  allow  for  incorporation  of  scientific  experience  and 
current  understanding  of  long-term  carcinogenesis  studies  in  laboratory  animals,  especially  for  those  evaluations  that  may  be 
on  the  borderline  between  two  adjacent  levels.  These  considerations  should  include: 

• The  adequacy  of  the  experimental  design  and  conduct; 

• Occurrence  of  common  versus  uncommon  neoplasia; 

• Progression  (or  lack  thereof)  from  benign  to  malignant  neoplasia  as  well  as  from  preneoplastic  to  neoplastic  lesions; 

• Some  benign  neoplasms  have  the  capacity  to  regress  but  others  (of  the  same  morphologic  type ) progress.  At  present,  it 
is  impossible  to  identify  the  difference.  Therefore,  where  progression  is  known  to  be  a possibility,  the  most  prudent 
course  is  to  assume  that  benign  neoplasms  of  those  types  have  the  potential  to  become  malignant; 

• Combining  benign  and  malignant  tumor  incidences  known  or  thought  to  represent  stages  of  progression  in  the  same  or- 
gan or  tissue; 

• Latency  in  tumor  induction; 

• Multiplicity  in  site-specific  neoplasia; 

• Metastases; 

• Supporting  information  from  proliferative  lesions  (hyperplasia)  in  the  same  site  of  neoplasia  or  in  other  experiments 
(same  lesion  in  another  sex  or  species); 

• The  presence  or  absence  of  dose  relationships; 

• The  statistical  significance  of  the  observed  tumor  increase; 

• The  concurrent  control  tumor  incidence  as  well  as  the  historical  control  rate  and  variability  for  a specific  neoplasm; 

• Survival-adjusted  analyses  and  false  positive  or  false  negative  concerns; 

• Structure-activity  correlations;  and 

• In  some  cases,  genetic  toxicology. 
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PEER  REVIEW  PANEL 


The  members  of  the  Peer  Review  Panel  who  evaluated  the  draft  Technical  Report  on  benzaldehyde  on 
June  27,  1989,  are  listed  below.  Panel  members  serve  as  independent  scientists,  not  as  representa- 
tives of  any  institution,  company,  or  governmental  agency.  In  this  capacity.  Panel  members  have  five 
major  responsibilities:  (a)  to  ascertain  that  all  relevant  literature  data  have  been  adequately  cited 
and  interpreted,  (b)  to  determine  if  the  design  and  conditions  of  the  NTP  studies  were  appropriate,  (c) 
to  ensure  that  the  Technical  Report  presents  the  experimental  results  and  conclusions  fully  and 
clearly,  (d)  to  judge  the  significance  of  the  experimental  results  by  scientific  criteria,  and  (e)  to  assess 
the  evaluation  of  the  evidence  of  carcinogenicity  and  other  observed  toxic  responses. 
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SUMMARY  OF  PEER  REVIEW  COMMENTS 
ON  THE  TOXICOLOGY  AND  CARCINOGENESIS  STUDIES  OF 

BENZALDEHYDE 

On  June  27,  1989,  the  draft  Technical  Report  on  the  toxicology  and  carcinogenesis  studies  of  benzal- 
dehyde  received  public  review  by  the  National  Toxicology  Program  Board  of  Scientific  Counselors’ 
Technical  Reports  Review  Subcommittee  and  associated  Panel  of  Experts.  The  review  meeting  was 
held  at  the  National  Institute  of  Environmental  Health  Sciences,  Research  Triangle  Park,  NC. 

Dr.  J B.  Bishop,  NIEHS,  began  the  discussion  by  reviewing  the  experimental  design,  results,  and  pro- 
posed conclusions  (no  evidence  of  carcinogenic  activity  for  male  or  female  F344/N  rats,  some  evidence 
of  carcinogenic  activity  for  male  or  female  B6C3F  i mice). 

Dr.  Garman,  a principal  reviewer,  agreed  with  the  conclusions.  He  appreciated  the  inclusion  of  tables 
comparing  the  genetic  toxicity  and  the  incidences  of  forestomach  neoplasms  with  those  observed  in 
other  pertinent  NTP  studies.  He  asked  for  a more  detailed  description  of  the  brain  lesions  seen  in 
high  dose  rats  in  the  13-week  study;  Dr.  Bishop  agreed  (see  page  27). 

Dr.  Ashby,  the  second  principal  reviewer,  agreed  with  the  conclusions.  He  noted  that  the  conclusion 
of  some  evidence  of  carcinogenic  activity  in  male  mice  was  based  on  the  dose-response  trend  and  the 
dose-related  increase  in  hyperplasia.  Dr.  Ashby  spoke  to  the  question  of  whether  irritation  leads  to 
hyperplasia,  which  in  turn  leads  to  tumors.  Dr.  J.  Huff,  NIEHS,  indicated  that  this  has  been  a long- 
standing speculation  and  that  the  literature  and  NTP  studies  are  replete  with  exceptions;  for 
instance,  the  benzaldehyde  studies  in  mice  showed  little  evidence  of  forestomach  irritation. 

Dr.  Mirer,  the  third  principal  reviewer,  agreed  with  the  conclusions  in  female  rats  and  male  mice.  He 
said  that  the  conclusion  in  male  rats  should  be  some  evidence  of  carcinogenic  activity  or,  at  a mini- 
mum, equivocal  evidence,  based  on  increased  incidences  of  pancreatic  acinal  cell  adenomas  with  a sig- 
nificant trend  and  a significant  pairwise  comparison  in  the  high  dose  group  by  the  logistic  regression 
test.  Dr.  Bishop  noted  that  some  of  the  highest  incidences  of  pancreatic  adenomas  observed  in  NTP 
studies  were  found  in  several  vehicle  control  groups  from  this  study  laboratory.  This  circumstance, 
along  with  only  a marginal  increase  at  the  high  dose  (which  was  well  within  the  historical  control 
range),  supported  a conclusion  of  no  evidence.  Dr.  Mirer  argued  that  the  studies  provide  clear  evi- 
dence in  female  mice,  if  studies  by  the  NTP  or  others  can  be  shown  to  demonstrate  progression  of 
squamous  papillomas  of  the  forestomach  to  malignancy.  Dr.  S.  Eustis,  NIEHS,  responded  that  there 
were  no  carcinomas  to  provide  evidence  of  progression  and  that  there  was  only  a marginal  increase  in 
papillomas.  Finally,  Dr.  Mirer  stated  that  the  results  indicate  that  female  rats  and  mice  of  each  sex 
could  have  tolerated  higher  doses  and  that  decreased  survival  in  male  rats  may  have  compromised 
the  sensitivity  of  the  study  for  detecting  neoplastic  effects.  Dr.  Bishop  replied  that  survival  in  high 
dose  male  rats  was  greater  than  70%  at  18  months  and  greater  than  50%  up  until  the  last  2 weeks  of 
the  study. 

Dr.  Garman  moved  that  the  Technical  Report  on  benzaldehyde  be  accepted  with  the  addition  of  a 
statement  in  the  Conclusions  that  female  rats  and  male  and  female  mice  could  have  tolerated  higher 
doses,  with  the  inclusion  of  statistical  values  for  pancreatic  hyperplasia  in  male  rats,  and  with  the 
conclusions  as  written  for  male  and  female  rats,  no  evidence  of  carcinogenic  activity,  and  for  male  and 
female  mice,  some  evidence  of  carcinogenic  activity. 

Dr.  Ashby  seconded  the  motion.  Dr.  Mirer  offered  an  amendment  that  the  level  of  evidence  in  male 
rats  be  changed  to  equivocal  evidence  of  carcinogenic  activity,  based  on  increased  incidences  of  adeno- 
mas and  hyperplasia  of  the  pancreas  and  of  mononuclear  cell  leukemia.  Dr.  McKnight  seconded  the 
amendment,  which  was  defeated  by  a vote  of  six  to  two  (Drs.  McKnight  and  Mirer).  The  original  mo- 
tion by  Dr.  Garman  was  then  accepted  by  seven  affirmative  votes  and  one  negative  vote  (Dr.  Klaassen). 
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HC=0 


BENZALDEHYDE 

CAS  No.  100-52-7 


CyHeO  Molecular  weight  106.1 

Synonyms:  Artificial  almond  oil;  artificial  essential  oil  of  almond;  benzenecarbonal; 
benzene  carbaldehyde;  benzoic  aldehyde;  phenylmethanal 


Physical  and  Chemical  Properties 

Benzaldehyde  is  a colorless  liquid  at  room  tem- 
perature; it  boils  at  179°  C,  solidifies  at  — 56.5°  C, 
and  may  become  yellowish  upon  storage  (Merck, 
1983).  Benzaldehyde  has  an  odor  like  volatile 
almond  oil  and  a burning  aromatic  taste.  Al- 
though benzaldehyde  is  relatively  insoluble  in 
water  (1:350),  it  is  miscible  with  alcohol,  ether, 
and  oils.  It  oxidizes  to  benzoic  acid  in  air. 

Environmental  Occurrence 

Benzaldehyde  is  a natural  constituent  of  several 
species  of  plants  (especially  almond  kernels)  and 
insects.  It  is  present  as  cyanogenic  glucoside 
(amygdalin)  in  the  kernels  of  bitter  almond, 
peach,  apricot,  and  other  Prunus  species  and  in 
various  parts  of  other  plants.  Free  benzaldehyde 
has  been  reported  in  several  essential  oils,  nota- 
bly hyacinth,  citronella,  orris,  cinnamon,  sassa- 
fras, labdanum,  and  patchouli  (Fenaroli,  1975). 
It  has  been  identified  in  the  defensive  excretions 
of  harvester  ants  and  millipedes  and  as  a major 
constituent  in  male  pheromones  of  several  noc- 
tuid  Lepidoptera  and  in  alarm  pheromones  of 
Trigonoma  stingless  bees  (Opdyke,  1976).  Low 
concentrations  of  benzaldehyde  have  been  de- 
tected in  exhaust  from  internal  combustion  en- 
gines and  in  wastewater  effluent  from  industrial 
and  municipal  sources  (Commission  of  the  Euro- 
pean Communities,  1976;  Shackelford  and  Keith, 
1976;  Verschueren,  1977). 

Use  and  Production 

The  use  and  production  of  benzaldehyde  were  re- 
viewed by  Williams  (1978).  Benzaldehyde  can  be 
produced  synthetically  by  chlorination  of  toluene 


to  benzal  chloride,  which  is  then  hydrolyzed  by 
reaction  with  lime  (Vogel,  1959;  Bedoukian, 
1967),  but  the  primary  method  of  synthesis  is  by 
oxidation  of  toluene,  where  it  is  produced  as  a co- 
product with  benzoic  acid.  The  estimated  U.S. 
production  of  benzaldehyde  in  1981  was  approxi- 
mately 75,000  tons  (approximately  68  X 10®  kg), 
up  from  1975  estimates  of  just  over  4,000  tons 
(approximately  3.6  X 106  kg).  Benzaldehyde 
was  in  public  use  before  the  1900’s  and  is  on  the 
list  of  food  additives  "generally-recognized-as- 
safe”  (GRAS),  which  are  approved  by  the  U.S. 
Food  and  Drug  Administration  for  use  in  food.  It 
has  a variety  of  uses  in  the  food  and  beverage, 
pharmaceutical,  perfume,  soap,  and  dyestuff  in- 
dustries, but  it  is  used  primarily  as  an  intermedi- 
ate in  the  synthesis  of  flavoring  and  fragrance 
agents,  including  aromatic  alcohols.  Its  use  in 
fragrances  alone  is  estimated  by  the  Research  In- 
stitute for  Fragrance  Materials,  Inc.,  to  be  ap- 
proximately 75,000  pounds  (34,000  kg)  per  year 
(Opdyke,  1976).  Concentrations  of  benzaldehyde 
reportedly  range  from  36  to  840  ppm  when  used 
directly  as  a flavoring  agent  in  various  food  and 
beverage  products,  such  as  alcoholic  and  nonal- 
coholic beverages,  ice  cream,  candy,  gelatins, 
puddings,  and  chewing  gum  (Fenaroli,  1975).  It 
also  has  some  use  as  a solvent  for  oils,  resins, 
some  cellulose  ethers,  cellulose  acetate,  and  ni- 
trate and  is  a useful  pharmaceutical  vehicle  for 
administering  bromides  and  other  salts,  espe- 
cially when  a low  salt  content  is  desired  (Osol, 
1980). 

Human  Exposure 

Humans  are  exposed  to  benzaldehyde  daily 
through  foodstuffs;  Zlatkis  and  Liebich  (1971) 
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reported  that  it  was  among  300  volatile  consti- 
tuents detected  in  the  urine  of  10  adults.  Based 
on  a 1970-71  survey  conducted  by  the  Flavoring 
Kxtract  Manufacturers’  Association  and  the  Na- 
tional Academy  of  Sciences/National  Research 
Council  (FEMA  and  NAS/NRC,  1978),  Kluwe  et 
al.  (1983)  estimated  that  48.2  mg  benzaldehyde 
per  day  is  ingested  by  adults  from  food  stuffs. 
The  Acceptable  Daily  Intake  (ADI)  level  for 
benzaldehyde,  listed  by  the  Council  of  Europe 
( 1974)  as  4 mg/kg,  was  given  as  an  unconditional 
0-5  mg/kg  in  a monograph  published  by  the  Joint 
Expert  Committee  on  Food  Additives  (FAO/ 
WHO,  1967).  No  standards  for  exposure  limits 
in  the  workplace  have  been  developed,  but  the 
Workplace  Environmental  Exposure  Level 
Guide,  published  by  the  American  Industrial  Hy- 
giene Association,  recommends  an  8-hour  time- 
weighted-average  (TWA)  limit  of  8.7  mg/m3  and 
a 15-minute  TWA  limit  of  17.4  mg/m3  (AIHA, 
1985). 

Human  Toxicity 

Thomas  (1958)  reported  that  benzaldehyde,  like 
other  aldehydes  and  aldehyde-containing  essen- 
tial oils,  was  strongly  irritating  to  the  skin  and 
may  cause  contact  dermatitis  in  some  humans. 
When  tested  by  a maximization  test  at  a concen- 
tration of  4%  in  petrolatum,  benzaldehyde  pro- 
duced no  sensitization  reactions  in  any  of  25  vol- 
unteers (Kligman,  1966);  however,  in  patch  tests 
using  5%  benzaldehyde  in  Vaseline®,  positive  re- 
actions were  observed  in  10/100  patients.  Posi- 
tive reactions  occurred  in  patients  with  sensi- 
tivity to  benzoic  acid  or  vanillin  (Hjorth,  1961). 

In  short-term  studies  on  the  inhibition  of  peptic 
activity,  an  effective  dose  (200-400  mg)  of  benz- 
aldehyde was  not  toxic  to  humans  (Kleeberg, 
1959).  However,  benzaldehyde  is  described  as  be- 
ing narcotic  to  humans  at  high  concentrations. 
From  two  case  studies,  one  in  which  a woman 
committed  suicide  by  consuming  an  oral  dose  of 
50-60  ml  and  a second  in  which  a man  was  re- 
vived from  near  death  after  consuming  an  oral 
dose  of  40  ml  of  o-hydroxybenzaldehyde  (sali- 
cylaldehyde)  (Dadlez,  1928),  it  is  estimated  that 
an  oral  dose  of  600-900  mg/kg  benzaldehyde 
would  probably  be  lethal  to  humans  in  the 
absence  of  prompt  treatment. 


Metabolism 

Benzaldehyde  is  extensively  metabolized  in 
mammals.  There  are  two  potential  metabolic  re- 
actions involving  the  carbonyl  group  of  benzal- 
dehyde. One  involves  reaction  of  the  carbonyl 
carbon  with  nucleophilic  groups  of  certain  amino 
acids  or  nucleic  acid  bases  (either  in  the  free 
state  or  as  components  of  protein  or  DNA  macro- 
molecules) through  formation  of  a Schiff  base. 
The  primary  products  of  these  reactions  would 
be  covalently  bound  adducts  to  macromolecules. 
Although  formation  of  such  covalently  bonded 
adducts  to  proteins  have  been  reported  with  ac- 
etaldehyde (Dellarco,  1988),  no  reports  of  the  for- 
mation of  such  adducts  by  benzaldehyde  were 
found  in  the  literature.  However,  reported  ef- 
fects of  benzaldehyde  on  various  membrane  func- 
tions, such  as  glucose  and  nucleoside  uptake, 
were  postulated  to  be  the  result  of  its  interac- 
tions with  plasma  membrane  proteins  through 
formation  of  a Schiff  base  with  amino  groups  in 
the  cell  membrane  (Dornish  et  al.,  1988). 

The  primary  reaction  in  the  metabolism  of  benz- 
aldehyde is  enzymatic  oxidation  or  reduction  of 
the  carbonyl  group  to  produce  benzoyl  or  benzyl 
derivatives  such  as  benzoic  acid  and  benzyl  al- 
cohol, which  may  subsequently  be  conjugated  for 
rapid  excretion.  In  early  studies,  Friedmann 
and  Turk  (1913)  and  Bray  et  al.  (1951)  identified 
rapid  oxidation  to  benzoic  acid,  with  subsequent 
glycine  conjugation  and  excretion  as  hippuric 
acid,  as  the  major  metabolic  pathway  in  dogs 
and  rabbits.  No  significant  excretion  of  benzoyl 
glucuronide  was  observed.  In  1988,  Laham  et  al. 
reported  that  more  than  80%  of  benzaldehyde 
given  to  New  Zealand  white  rabbits  in  a single 
oral  dose  of  350  or  750  mg/kg  was  excreted  in  the 
urine  as  products  of  oxidative  or  reductive  me- 
tabolism; they  confirmed  that  the  predominant 
urinary  metabolite  (65%-70%)  was  the  glycine 
conjugate  hippuric  acid.  However,  they  also  iden- 
tified other  urinary  metabolites,  including  the 
glucuronide  conjugate  benzoyl  glucuronic  acid 
(8.8%  and  11.2%);  free  benzoic  acid  (1.6%  and 
1.4%);  the  glucuronide  conjugate  of  benzyl  alco- 
hol, benzyl  glucuronide  (2.9%  and  3.0%),  and 
trace  amounts  of  benzylmercapturic  acid  (N-ace- 
tyl-S-benzyl-L-cysteine).  After  intraperitoneal 
injection  to  female  albino  rats,  29.3%  (21%-37%i 
of  the  injected  benzaldehyde  was  reportedly 
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excreted  in  the  urine  as  hippuric  acid;  this  was 
only  about  10%  less  than  the  47%  rate  of 
conversion  of  benzoic  acid  to  hippuric  acid 
(Teuchy  et  al.,  1971).  Honecker  (1975)  also  re- 
ported that  benzaldehyde,  as  a cleavage  product 
of  amphetaminil,  was  rapidly  converted  to  hip- 
puric acid  in  the  blood,  brain,  and  adipose  tissue 
of  rats  and  then  excreted  in  the  urine.  Laham 
and  Potvin  (1987)  also  demonstrated  that  benz- 
aldehyde administered  by  gavage  at  400,  750,  or 
1,000  mg/kg  to  Sprague  Dawley  rats  was  partly 
converted  to  benzylmercapturic  acid  and  excret- 
ed in  the  urine;  they  suggested  that  benzylmer- 
capturic acid  was  formed  through  glutathione 
conjugation  in  the  presence  of  specific  glutathi- 
one S-transferases.  Laham  et  al.  (1988),  how- 
ever, found  no  benzyl  alcohol  or  benzyl  sulfate 
ester  present  in  rabbits.  In  in  vitro  experiments, 
Robertson  and  Dunstan  (1972)  demonstrated 
that  benzaldehyde  could  be  reduced  to  benzyl  al- 
cohol by  the  action  of  an  aromatic  aldehyde- 
ketone  reductase  from  rabbit  kidney,  but  not  by 
alcohol  dehydrogenase  and  hydroxysteroid  dehy- 
drogenase from  rabbit  liver,  thus  showing  organ 
specificity  for  the  reduction  process. 

Genetic  Toxicity 

Although  it  possesses  a structurally  alerting, 
electrophilic,  carbonyl  carbon  (Ashby  and  Ten- 
nant, 1988),  benzaldehyde  is  generally  nongeno- 
toxic.  Benzaldehyde  was  not  mutagenic  in  Sal- 
monella gene  mutation  assays  (Florin  et  al., 
1980;  Kasamaki  et  al.,  1982;  Haworth  et  al., 
1983;  Nohmi  et  al.,  1985)  or  in  the  Drosophila 
sex-linked  recessive  lethal  assay  (Woodruff  et 
al.,  1985).  It  exhibited  genotoxic  activity  in  the 
mouse  lymphoma  assay  (McGregor  et  al.,  1990) 
and  in  assays  for  sister  chromatid  exchanges  in 
both  Chinese  hamster  ovary  (CHO)  cells  (Gallo- 
way etal.,  1987)  and  human  lymphocytes  (Jans- 
son  et  al.,  1988).  Induction  of  chromosomal  aber- 
rations by  benzaldehyde  was  also  reported  in 
Chinese  hamster  lung  cells  at  a dose  stated  to  be 
50  nM  (5.3  ng/ml)  (Kasamaki  et  al.,  1982);  how- 
ever, the  National  Toxicology  Program  (NTP), 
using  concentrations  of  benzaldehyde  which 
were  approximately  10,000  times  higher,  found 
no  increase  in  aberrations  in  CHO  cells  (Gallo- 
way et  al.,  1987).  This  basic  pattern  of  no  muta- 
genic activity  in  bacterial  systems  but  possible 
weak  clastogenic  effects  in  some  mammalian 


cell  assays  is  also  reflected  in  test  results  from 
metabolites  of  benzaldehyde,  i.e.,  benzoic  acid 
(Simmon  and  Kauhanen,  1978;  Ishidate  et  al., 
1984),  hippuric  acid  (Milvy  and  Garro,  1976), 
and  benzyl  alcohol  (Florin  et  al.,  1980;  Mortel- 
mans  et  al.,  1986;  NTP,  1989a). 

Animal  Toxicity 

Benzaldehyde  caused  moderate  irritation  when 
applied  directly  to  the  skin  or  eyes  of  rabbits 
exposed  to  500  mg  per  day  (Moreno,  1973).  In 
rabbits,  the  dermal  LD50  value  for  benzaldehyde 
was  greater  than  1,250  mg/kg  (Moreno,  1973); 
by  subcutaneous  injection,  the  LD50  value  was 
reported  to  be  5,000  mg/kg  (Fassett,  1963).  In 
rats,  a 5,000  mg/kg  dose  of  benzaldehyde  was  re- 
ported to  be  lethal  when  given  by  subcutaneous 
injection  but  was  not  always  lethal  when  given 
by  intraperitoneal  injection  (Macht,  1922).  Oral 
LD50  values  for  benzaldehyde  were  reported  to 
be  1,000  mg/  kg  in  guinea  pigs  and  1,300  mg/kg 
in  rats  (Jenner  et  al.,  1964).  The  LD50  value  for 
mice  administered  benzaldehyde  by  intraperi- 
toneal injection  was  reported  to  be  1,020  mg/kg; 
no  deaths  occurred  at  848  mg/kg,  and  100%  of 
the  mice  receiving  1,113  mg/kg  died  (Caujolle, 
1956).  In  one  study,  benzaldehyde  fed  to  male 
rats  at  1,000  ppm  for  27-28  weeks  and  to  female 
rats  at  10,000  ppm  for  16  weeks  reportedly  pro- 
duced "no  effect”  on  growth  or  hematology  at  the 
end  of  the  study  and  no  macroscopic  or  micro- 
scopic changes  in  the  liver,  kidney,  spleen, 
heart,  testis,  abdominal  and  thoracic  vicera, 
hind  leg,  forebone,  bone  marrow,  or  muscle  (Ha- 
gan et  al.,  1967). 

Carcinogenic/Anticarcinogenic  Activity 

No  carcinogenicity  studies  of  benzaldehyde  in 
animals  were  found  in  the  literature.  Schweins- 
berg  et  al.  (1986)  suggested  that  benzaldehyde, 
as  an  identified  metabolite  of  N-nitroso-iV-meth- 
ylbenzylamine  (NMBA),  might  be  responsible 
for  induction  of  squamous  cell  papillomas  of  the 
lung  observed  with  NMBA.  Benzyl  alcohol,  one 
of  the  purported  metabolites  of  benzaldehyde 
and  certainly  a chemical  that  is  metabolized  to 
benzaldehyde,  did  not  induce  any  neoplasms 
when  administered  in  2-year  studies  by  gavage 
at  200  or  400  mg/kg  to  F344/N  rats  and  at  100  or 
200  mg/kg  to  B6C3Fi  mice  (NTP,  1989a). 
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I.  INTRODUCTION 


Benzaldehyde  had  been  proposed  as  a possible 
chemotherapeutic  agent  (Buick  et  al.,  1979), 
based  initially  on  reports  of  antitumor  activity 
with  extracts  of  figs  in  which  benzaldehyde  was 
considered  to  be  the  active  component  (Takeuchi 
et  al,,  1978).  Benzaldehyde  per  se  was  reported 
to  have  antitumor  activity  in  several  experi- 
mental systems  (Zundel  et  al.,  1978)  as  well  as  a 
high  degree  of  clinical  activity  when  adminis- 
tered as  tablets  or  suppositories  of  P-cyclodextrin 
benzaldehyde  to  cancer  patients  who  had  un- 
dergone unsuccessful  chemotherapy  or  radiation 
therapy  (Kochi  et  al.,  1980).  It  has  also  been 
shown  to  inhibit  the  growth  of  transformed 
mouse  and  simian  cells  (Nambata  et  al.,  1982) 
and  to  inhibit  cell  cycling  (Pettersen  et  al.,  1983). 
However,  Taetle  and  Howell  (1983)  reported 
that  benzaldehyde  lacked  significant  activity 
against  most  human  neoplasms  tested  in  vitro, 
and  MacEwen  (1986)  was  able  to  elicit  only 
minimal  antitumor  activity  in  vivo  in  dogs  and 
cats  given  oral  doses  of  10  mg/kg  benzaldehyde. 


Benzaldehyde  has  been  shown  to  affect  various 
membrane  functions,  including  glucose  and  nu- 
cleoside uptake,  by  interacting  with  plasma 
membrane  proteins  (possibly  through  formation 
of  a Schiff  base  with  amino  groups  of  the  cell 
membrane)  (Dornish  et  al.,  1988)  and  to  inhibit 
protein  synthesis;  it  is  speculated  that  these  ac- 
tivities contribute  to  the  limited  antitumor  ac- 
tivity observed. 

Study  Rationale 

Benzaldehyde  was  nominated  for  carcinogenici- 
ty studies  primarily  because  of  its  high  produc- 
tion volume  and  substantial  human  exposure, 
and  incidentally  because  of  structural  considera- 
tions as  the  parent  compound  of  the  aromatic  al- 
dehyde group  and  a general  paucity  of  data  on 
these  compounds.  Gavage  was  chosen  as  the 
route  of  administration  that  would  most  accu- 
rately monitor  exposure  amounts  and  mimic  the 
oral  exposure  of  humans. 
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II.  MATERIALS  AND  METHODS 


PROCUREMENT  AND 
CHARACTERIZATION  OF 
BENZALDEHYDE 

Benzaldehyde  (USP-grade)  was  obtained  as  a 
clear,  colorless  liquid  in  two  lots  from  the  Aldrich 
Chemical  Company  (lot  no.  JE5718HE)  and  from 
the  R.W.  Greeff  Company  (lot  no.  005-0120). 
Purity  and  identity  analyses  were  conducted  at 
Midwest  Research  Institute  (Kansas  City,  MO) 
(Appendix  G).  Both  lots  of  the  study  chemical 
were  identified  as  benzaldehyde  by  infrared, 
ultraviolet/visible,  and  nuclear  magnetic  reso- 
nance spectroscopy. 

The  purity  of  both  lots  studied  was  determined 
by  elemental  analysis,  Karl  Fischer  water  anal- 
ysis, gas  chromatography,  reaction  of  the  car- 
bonyl group  with  hydroxylammonium  chloride 
in  the  presence  of  2-dimethylaminoethanol  and 
back-titration  with  perchloric  acid  of  the  excess 
hydroxylamine,  and  titration  with  sodium  hy- 
droxide to  determine  free  acid  content  (as  benzo- 
ic acid).  Gas  chromatography  by  two  different 
systems  detected  no  impurities  having  areas  of 
0.1%  or  greater  relative  to  the  area  of  the  major 
peak  for  either  lot.  Comparison  of  the  results  of 
the  two  titration  methods  indicated  the  presence 
of  approximately  0.38%  benzoic  acid  in  lot  no. 
JE5718HE  and  approximately  0.29%  benzoic 
acid  in  lot  no.  005-0120. 

Based  on  the  results  of  all  analyses,  the  purity  of 
lot  no.  JE5718HE  was  determined  to  be  greater 
than  99%  and  that  of  lot  no.  005-0120  to  be  ap- 
proximately 99%. 

The  identity  of  the  chemical  at  the  study  labora- 
tory was  confirmed  by  infrared  spectroscopy.  The 
stability  of  the  bulk  chemical  during  the  toxi- 
cology studies  was  monitored  by  gas  chromatog- 
raphy and  titration  of  the  free  acid.  No  deteri- 
oration of  benzaldehyde  was  observed  during  the 
studies. 

PREPARATION  AND 
CHARACTERIZATION  OF 
DOSE  FORMULATIONS 

The  stability  of  benzaldehyde  dissolved  in  corn 
oil  at  approximately  80  mg/ml  was  determined 
at  the  analytical  laboratory.  The  chemical  was 


found  to  be  stable  at  room  temperature  in  the 
dark  for  14  days  when  stored  in  sealed  vials.  A 
small  (approximately  5%)  loss  occurred  when 
benzaldehyde  in  corn  oil  was  exposed  to  air  and 
light  for  3 hours  at  room  temperature  under 
simulated  dosing  conditions.  Dose  formulations 
were  prepared  once  per  week  and  were  stored  in 
the  dark  at  room  temperature  under  nitrogen  for 
a maximum  of  14  days  throughout  the  studies. 

Periodic  ultraviolet  analysis  of  the  dose  formula- 
tions was  conducted  at  the  study  laboratory  and 
at  the  analytical  chemistry  laboratory.  During 
the  13-week  studies,  all  dose  formulations  were 
found  to  be  within  specifications  (Table  G3). 

During  the  2-year  studies,  the  dose  formulations 
were  analyzed  at  approximately  8-week  inter- 
vals. For  the  benzaldehyde  studies,  it  was  esti- 
mated that  the  formulations  were  prepared 
within  ±10%  of  the  target  concentrations  ap- 
proximately 96%  (77/80)  of  the  time  throughout 
the  studies  (Table  G4).  Results  of  periodic  ref- 
eree analysis  performed  by  the  analytical  chem- 
istry laboratory  indicated  generally  good  agree- 
ment with  the  results  from  the  study  laboratory 
(Table  G5). 

SIXTEEN-DAY  STUDIES 

Male  and  female  F344/N  rats  and  B6C3Fi  mice 
were  obtained  from  Charles  River  Breeding  Lab- 
oratories and  were  held  for  18  days  before  the 
studies  began.  The  rats  were  7 weeks  old  when 
placed  on  study,  and  the  mice  were  8 weeks  old. 

Groups  of  five  rats  of  each  sex  were  administered 
0,  100,  200,  400,  800,  or  1,600  mg/kg  benzalde- 
hyde in  corn  oil  by  gavage,  5 days  a week  for  12 
doses  over  16  days.  Groups  of  five  mice  of  each 
sex  were  administered  0,  200,  400,  800,  1,600,  or 
3,200  mg/kg  on  the  same  schedule. 

Animals  were  housed  five  per  cage.  Water  and 
feed  were  available  ad  libitum.  The  rats  and  mice 
were  observed  twice  per  day  and  were  weighed 
on  days  1 and  8 and  at  the  end  of  the  studies.  De- 
tails of  animal  maintenance  are  presented  in  Ta- 
ble 1.  A necropsy  was  performed  on  all  animals. 

THIRTEEN-WEEK  STUDIES 

Thirteen-week  studies  were  conducted  to 
evaluate  the  cumulative  toxic  effects  of  repeated 
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TABLE  1.  EXPERIMENTAL  DESIGN  AND  MATERIALS  AND  METHODS  IN  THE  GAVAGE  STUDIES  OF 

BENZALDEHYDE 


Sixteen-Day  Studies  Thirteen-Week  Studies  Two-Year  Studies 


EXPERIMENTAL  DESIGN 


Size  of  Study  Groups 

5 males  and  5 females  of  each  10  males  and  10  females  of  each  species 
species 


Doses 

Rats-0, 100, 200, 400, 800, or 
1 ,600  mg/kg  benzaldehyde  in 
corn  oil  by  gavage;  mice--0, 
200,400,800, 1,600,  or  3,200 
mg/kg;  dose  vol--rats:  5 ml/kg; 
mice:  10  ml/kg 


Rats-0, 50, 100, 200, 400,  or  800  mg/kg 
benzaldehyde  in  corn  oil  by  gavage; 
mice-0, 75,  150, 300,  600,  or  1,200 
mg/kg;  dose  vol-5  ml/kg 


Date  of  First  Dose 

1/26/81  4/1/81 


Date  of  Last  Dose 

2/10/81  6/30/81 


Duration  of  Dosing 

12  doses  over  16  d 5d/wkforl3wk 


Type  and  Frequency  of  Observation 

Observed  2 X d;  weighed  ini-  Same  as  16-d  studies 
tiallyand  1 X wk  thereafter 

Necropsy  and  Histologic  Examinations 

Necropsy  performed  on  all  Necropsy  performed  on  all  animals;  the 
animals  following  tissues  were  examined  histo- 

logically for  all  vehicle  control  and 
high  dose  animals,  all  rats  receiving 
400  mg/kg,  and  all  male  mice  receiving 
600  mg/kg:  adrenal  glands,  brain,  colon, 
esophagus,  eyes  (if  grossly  abnormal), 
femur  or  sternebrae  or  vertebrae 
including  marrow,  gallbladder  (mice), 
gross  lesions  and  tissue  masses  with 
regional  lymph  nodes,  heart,  kidneys, 
liver,  lungs  and  mainstem  bronchi, 
mammary  gland,  mandibular  or  mesen- 
teric lymph  nodes,  nasal  cavity  and  tur- 
binates, pancreas,  parathyroid  glands, 
pharynx,  pituitary  gland,  preputial  or 
clitoral  gland  (rats),  prostate/testes  or 
ovaries/uterus,  salivary  glands,  small 
intestine,  spinal  cord  (high  dose  male 
rats),  spleen,  stomach,  thymus,  thyroid 
gland,  trachea,  and  urinary  bladder; 
spleen,  stomach,  and  kidneys  examined 
for  female  mice  receiving  600  mg/kg; 
and  kidneys  and  liver  examined  for 
male  mice  receiving  300  mg/kg 

ANIMALS  AND  ANIMAL  MAINTENANCE 


Strain  and  Species 

F344/N  rats;  B6C3Fi  mice  F344/N  rats;  B6C3Fi  mice 

Animal  Source 

Charles  River  Breeding  Lab-  Harlan  Industries  (Indianapolis,  IN) 
oratories  (Kingston,  NY) 


50  males  and  50  females  of  each  species 


Rats  and  male  mice-0,  200,  or  400  mg/kg 
benzaldehyde  in  corn  oil  by  gavage; 
female  mice-0, 300,  or  600  mg/kg;  dose 
vol-rats:  5 ml/kg;  mice:  10  ml/kg 


Rats— 1/18/82;  mice--male:  1/19/82;  female:  3/2/82 


Rats-- 1/6/84;  mice-male:  1/16/84;  female:  2/20/84 


5 d/\yk  for  103  (rats  and  female  mice)  or  104 
(male  mice)  wk 

Observed  2 X d;  weighed  initially,  1 X wk  for 
13  wk,  and  1 X mo  thereafter 


Necropsy  performed  on  all  animals;  the  following 
tissues  examined  histologically  for  all  vehicle 
control  and  high  dose  animals,  low  dose  male 
rats,  and  all  animals  dying  before  the  end  of  the 
studies:  adrenal  glands,  brain,  cecum,  colon, 
duodenum,  epididymis/prostate/testes  or  ovaries/ 
uterus,  esophagus,  eyes  (rats),  femur  including 
marrow,  gallbladder  (mice),  gross  lesions  and 
tissue  masses,  heart,  ileum,  jejunum,  kidneys, 
liver,  lungs  and  mainstem  bronchi,  mammary 
gland,  mandibular  or  mesenteric  lymph  nodes, 
nasal  cavity  and  turbinates,  pancreas,  parathyroid 
glands,  pituitary  gland,  preputial  or  clitoral  gland 
(rats),  rectum,  salivary  glands,  sciatic  nerve, 
skin,  spinal  cord  (rats),  spleen,  stomach,  thymus, 
thyroid  gland,  trachea,  and  urinary  bladder. 
Tissues  examined  for  low  dose  groups  include 
adrenal  glands,  bone,  brain,  clitoral  gland,  eyes, 
gross  lesions,  heart,  kidneys,  liver,  lungs,  pituitary 
gland,  spinal  cord,  spleen,  and  stomach  for  female 
rats  and  gross  lesions  and  stomach  for  mice 


F344/N  rats;  B6C3Fi  mice 


Frederick  Cancer  Research  Facility 
(Frederick,  MD) 
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TABLE  1.  EXPERIMENTAL  DESIGN  AND  MATERIALS  AND  METHODS  IN  THE  GAVAGE  STUDIES  OF 

BENZALDEHYDE  (Continued) 
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Sixteen-Day  Studies 

Thirteen-Week  Studies 

Two-Year  Studies 

ANIMALS  AND  ANIMAL  MAINTENANCE  (Continued) 

Study  Laboratory 

Southern  Research  Institute 

Southern  Research  Institute 

Southern  Research  Institute 

Method  of  Animal  Identification 
Ear  punch  Ear  mark 

Ear  mark  and  toe  clip 

Time  Held  Before  Study 
18d 

14d 

Rats-20  d;  mice-19  d 

Age  When  Placed  on  Study 
Rats-7  wk;  mice-8  wk 

Rats--6  wk;  mice-8  wk 

Rats-8  wk;  mice--male:  8 wk;  female:  9 wk 

Age  When  Killed 
Rats-9-10  wk; 
mice- 10-1 1 wk 

Rats--19-21  wk;  mice-21-23  wk 

113  wk 

Necropsy  or  Kill  Dates 
Rats-2/1 1/81-2/14/81; 
mice-2/1 1/8 1-2/1 3/81 

7/1/81-7/14/81 

Rats-1/16/84-1/20/84;  mice-male;  1/24/84-1/26/84; 
female:  2/28/84-3/1/84 

Method  of  Animal  Distribution 

Animals  distributed  to  weight  Same  as  16-d  studies 

classes  and  then  assigned  to 

cages  according  to  one  table 

of  random  numbers  and  to 

groups  according  to  a table 

of  random  numbers 

Same  as  16-d  studies 

Diet 

NIH  07  Rat  and  Mouse 
Ration  (Zeigler  Bros.,  Inc., 
Gardners,  PA);  available 
ad  libitum 

Same  as  16-d  studies 

Same  as  16-d  studies 

Bedding 

Beta  Chips  (Northeastern 
Products,  Inc.,  Warrens- 
burg,  NY) 

Same  as  16-d  studies 

Same  as  16-d  studies 

Water 

Automatic  watering  system 
(Edstrom  Industries,  Water- 
ford, WI);  available  ad  libitum 

Same  as  16-d  studies 

Same  as  16-d  studies 

Cages 

Polycarbonate  (Lab  Products, 
Inc.,  Garfield,  NJ) 

Same  as  16-d  studies 

Same  as  16-d  studies 

Cage  Filters 

Reemay  spun-bonded  polyes- 
ter filters  (Snow  Filtration, 
Cincinnati,  OH) 

Same  as  16-d  studies 

Same  as  16-d  studies 

Animals  per  Cage 
5 

5 

5 

Other  Chemicals  on  Study  in  the  Same  Room 

None  None 

None 

Animal  Room  Environment 

Temp-73°-76°  F;  hum-37%- 
59%;  fluorescent  light  12  h/d; 
15  room  air  changes/h 

Temp-72°-80°  F;  hum--39%-59%; 
fluorescent  light  12  h/d;  15  room  air 
changes/h 

Temp--62°-89°  F;  hum-25%-86%;  fluorescent  light 
12  h/d;  15  room  air  changes/h 
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II.  MATERIALS  AND  METHODS 


administration  of  benzaldehyde  and  to  deter- 
mine the  doses  to  be  used  in  the  2-year  studies. 

hour  week  old  male  and  female  F344.y  rats  and 
5 to  6 week  old  male  and  female  B6C3Fi  mice 
were  obtained  from  Harlan  Industries,  observed 
for  14  days,  assigned  to  weight  classes,  and  ran- 
domly distributed  to  cages.  Prior  to  dosing, 
cages  were  randomly  distributed  to  the  various 
dose  groups.  Independent  tables  of  random  num- 
bers were  used  for  all  distributions.  Rats  were  6 
weeks  old  when  placed  on  study,  and  mice  were  8 
weeks  old.  Further  experimental  details  are 
summarized  in  Table  1. 

Groups  of  10  rats  of  each  sex  were  administered 
0.  50.  100.  200,  400,  or  800  mg  kg  benzaldehyde 
in  corn  oil  by  gavage,  5 days  per  week  for  13 
weeks  Groups  of  10  mice  of  each  sex  were  ad- 
ministered 0,  75,  150.  300,  600,  or  1,200  mgkg 
on  the  same  schedule. 

Rats  and  mice  were  housed  five  per  cage.  Feed 
and  water  were  available  ad  libitum.  Animals 
were  observed  two  times  per  day;  moribund  ani- 
mals were  killed.  Individual  animal  weights 
were  recorded  on  day  0.  once  per  week,  and  at 
the  end  of  the  studies. 

•\t  the  end  of  the  13- week  studies,  survivors 
were  killed.  A necropsy  was  performed  on  all 
animals  except  those  excessively  autolyzed  or 
cannibalized.  Complete  histopathologic  exami- 
nations were  performed  on  vehicle  controls,  400 
and  800  mg  kg  rats,  600  mg  kg  male  mice,  and 
1 ,200  mg  kg  mice.  Tissues  and  groups  examined 
are  listed  in  Table  1.  Results  of  the  16-day  and 
13-week  studies  have  been  published  by  Kluwe 
et  al.  1 1983  >. 

TWO-YEAR  STUDIES 
Study  Design 

Groups  of  50  rats  of  each  sex  and  groups  of  50 
male  mice  were  administered  0,  200,  or  400  mg 
kg  benzaldehyde  in  corn  oil  by  gavage,  5 days 
per  week  for  103  irats)  or  104  • male  mice)  weeks. 
Groups  of  50  female  mice  were  administered  0, 
300.  or  600  mg/kg,  5 days  per  week  for  103 
weeks.  Because  of  a large  number  of  gavage- 
associated  deaths,  the  study  with  female  mice 
was  restarted. 


Source  and  Specifications  of  Animals 

The  male  and  female  F344/N  rats  and  B6C3Fi 
(C57BL/6X,  female  X C3HHeN  MTV",  male) 
mice  used  in  these  studies  were  produced  under 
strict  barrier  conditions  at  Frederick  Cancer  Re- 
search Facility.  Breeding  stock  for  the  founda- 
tion colonies  at  the  production  facility  originated 
at  the  National  Institutes  of  Health  Repository. 
Animals  shipped  for  study  were  progeny  of  de- 
fined microflora-associated  parents  that  were 
transferred  from  isolators  to  barrier-maintained 
rooms.  Rats  were  shipped  to  the  study  labora- 
tory at  5 weeks  of  age  and  mice  at  5-6  weeks  of 
age.  The  animals  were  quarantined  at  the  study 
laboratory  for  3 weeks.  Thereafter,  a complete 
necropsy  was  performed  on  five  animals  of  each 
sex  and  species  to  assess  their  health  status. 
Rats  were  placed  on  study  at  8 weeks  of  age, 
male  mice  at  8 weeks  of  age,  and  female  mice  at 
9 weeks  of  age.  The  health  of  the  animals  was 
monitored  during  the  course  of  the  studies  ac- 
cording to  the  protocols  of  the  National  To.xicol- 
og>-  Program  (NTP)  Sentinel  Animal  Program 
(Appendix  E). 

Animal  Maintenance 

Animals  were  housed  five  per  cage.  F eed  » Appen- 
dix F)  and  water  were  available  ad  libitum.  Af- 
ter July  1982,  cages  were  rotated  vertically,  top 
to  bottom,  within  dose  groups  and  on  the  racks. 
Racks  were  rotated  counterclockwise.  Further 
details  of  animal  maintenance  are  given  in  Ta- 
ble 1. 

Clinical  Examinations  and  Pathology 

All  animals  were  observed  two  times  per  day. 
Body  weights  were  recorded  once  per  week  for 
the  first  13  weeks  of  the  study  and  once  per 
month  thereafter.  Mean  body  weights  were 
calculated  for  each  group.  Animals  found  mori- 
bund and  those  surviving  to  the  end  of  the  stud- 
ies were  humanely  killed.  necropsy  was  per- 
formed on  all  animals  including  those  found 
dead.  Some  tissues  were  excessively  autolyzed  or 
missing,  and  thus,  the  number  of  animals  from 
which  particular  organs  or  tissues  were  ex- 
amined microscopically  varies  and  is  not  neces- 
sarily equal  to  the  number  of  animals  that  were 
placed  on  study. 
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II.  MATERIALS  AND  METHODS 


During  necropsy,  all  organs  and  tissues  were  ex- 
amined for  grossly  visible  lesions.  Tissues  were 
preserved  in  10%  neutral  buffered  formalin, 
embedded  in  paraffin,  sectioned,  and  stained 
with  hematoxylin  and  eosin.  Histopathologic 
examination  of  tissues  was  performed  according 
to  an  "inverse  pyramid”  design  (McConnell, 
1983a,b).  That  is,  complete  histopathologic  ex- 
aminations (see  Table  1)  were  performed  on  all 
high  dose  and  vehicle  control  animals  and  on  low 
dose  animals  dying  before  the  end  of  the  study. 
Since  mortality  in  the  high  dose  group  of  male 
rats  exceeded  that  in  the  vehicle  control  group 
by  15%,  complete  histopathologic  examinations 
were  performed  on  all  animals  in  the  low  dose 
group.  In  addition,  histopathologic  examinations 
were  performed  on  all  grossly  visible  lesions  in 
all  dose  groups.  Potential  target  organs  for 
chemically  related  neoplastic  and  nonneoplastic 
effects  were  identified  from  the  short-term  stud- 
ies or  the  literature  and  were  determined  by  ex- 
amination of  the  pathology  data;  these  target 
organs/tissues  in  the  lower  dose  group  were  ex- 
amined histopathologically. 

When  the  pathology  evaluation  was  completed 
by  the  laboratory  pathologist  and  the  pathology 
data  entered  into  the  Toxicology  Data  Manage- 
ment System,  the  slides,  paraffin  blocks,  and 
residual  formalin-fixed  tissues  were  sent  to  the 
NTP  Archives.  The  slides,  blocks,  and  residual 
wet  tissues  were  audited  for  accuracy  of  labeling 
and  animal  identification  and  for  thoroughness 
of  tissue  trimming.  The  slides,  individual  ani- 
mal necropsy  records,  and  pathology  tables  were 
sent  to  an  independent  pathology  quality  assess- 
ment laboratory.  The  individual  animal  records 
and  pathology  tables  were  compared  for  accu- 
racy, slides  and  tissue  counts  were  verified,  and 
histotechnique  was  evaluated.  All  tissues  with  a 
tumor  diagnosis,  all  potential  target  tissues 
(male  rats:  pancreas,  thyroid  gland,  kidney, 
spleen,  and  liver;  female  rats;  eye,  pituitary 
gland,  spleen,  and  liver;  male  and  female  mice: 
forestomach),  and  all  tissues  from  a randomly 
selected  10%  of  the  animals  were  re-evaluated 
microscopically  by  a quality  assessment  pathol- 
ogist. Nonneoplastic  lesions  were  evaluated  for 
accuracy  and  consistency  of  diagnosis  only  in  the 
potential  target  organs,  in  the  randomly  selected 
10%  of  animals,  and  in  tissues  with  unusual  in- 
cidence patterns  or  trends. 


The  quality  assessment  report  and  slides  were 
submitted  to  a Pathology  Working  Group  (PWG) 
Chairperson,  who  reviewed  microscopically  all 
potential  target  tissues  and  any  other  tissues  for 
which  there  was  a disagreement  in  diagnosis  be- 
tween the  laboratory  and  quality  assessment 
pathologists.  Representative  examples  of  poten- 
tial chemical-related  nonneoplastic  lesions  and 
neoplasms  and  examples  of  disagreements  in  di- 
agnosis between  the  laboratory  and  quality  as- 
sessment pathologists  were  presented  to  the 
PWG.  The  PWG  included  the  laboratory  pathol- 
ogists, the  quality  assessment  pathologist,  and 
other  pathologists  experienced  in  rodent  toxicol- 
ogy. They  examined  the  tissues  without  knowl- 
edge of  dose  group  or  previously  rendered  diag- 
noses. When  the  consensus  diagnosis  of  the  PWG 
differed  from  that  of  the  laboratory  pathologist, 
the  diagnosis  was  changed  to  reflect  the  opinion 
of  the  PWG.  This  procedure  has  been  described, 
in  part,  by  Maronpot  and  Boorman  (1982)  and 
Boorman  et  al.  (1985).  The  final  pathology  data 
represent  a consensus  of  contractor  pathologists 
and  the  NTP  Pathology  Working  Group.  For 
subsequent  analysis  of  pathology  data,  the  diag- 
nosed lesions  for  each  tissue  type  are  combined 
according  to  the  guidelines  of  McConnell  et  al. 
(1986). 

Statistical  Methods 

Survival  Analyses:  The  probability  of  survival 
was  estimated  by  the  product-limit  procedure  of 
Kaplan  and  Meier  (1958)  and  is  presented  in  the 
form  of  graphs.  Animals  were  censored  from  the 
survival  analyses  at  the  time  they  were  found  to 
be  dead  from  other  than  natural  causes;  animals 
dying  from  natural  causes  were  not  censored. 
Statistical  analyses  for  a possible  dose-related 
effect  on  survival  used  the  method  of  Cox  (1972) 
for  testing  two  groups  for  equality  and  Tarone’s 
(1975)  life  table  test  for  a dose-related  trend. 
When  significant  survival  differences  were  de- 
tected, additional  analyses  using  these  proce- 
dures were  carried  out  to  determine  the  time 
point  at  which  significant  differences  in  the  sur- 
vival curves  were  first  detected.  All  reported  P 
values  for  the  survival  analysis  are  two-sided. 

Calculation  of  Incidence:  The  incidence  of  neo- 
plastic or  nonneoplastic  lesions  is  given  as  the 
ratio  of  the  number  of  animals  bearing  such 
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II.  MATERIALS  AND  METHODS 


lesions  at  a specific  anatomic  site  to  the  number 
of  animals  in  which  that  site  was  examined.  In 
most  instances,  the  denominators  include  only 
those  animals  for  which  the  site  was  examined 
histologically.  However,  when  macroscopic  ex- 
amination was  required  to  detect  lesions  (e.g., 
skin  or  mammary  tumors)  prior  to  histologic 
sampling,  or  when  lesions  could  have  appeared 
at  multiple  sites  (e.g.,  lymphomas),  the  denomi- 
nators consist  of  the  number  of  animals  on  which 
a necropsy  was  performed. 

Analysis  of  Tumor  Incidence:  The  majority  of 
tumors  in  this  study  were  considered  to  be  inci- 
dental to  the  cause  of  death  or  not  rapidly  lethal. 
Thus,  the  primary  statistical  method  used  was  a 
logistic  regression  analysis,  which  assumed  that 
the  diagnosed  tumors  were  discovered  as  the  re- 
sult of  death  from  an  unrelated  cause  and  thus 
did  not  affect  the  risk  of  death.  In  this  approach, 
tumor  prevalence  was  modeled  as  a logistic  func- 
tion of  chemical  exposure  and  time.  Both  linear 
and  quadratic  terms  in  time  were  incorporated 
initially,  and  the  quadratic  term  was  eliminated 
if  it  did  not  significantly  enhance  the  fit  of  the 
model.  The  dosed  and  vehicle  control  groups  were 
compared  on  the  basis  of  the  likelihood  score  test 
for  the  regression  coefficient  of  dose.  This  meth- 
od of  adjusting  for  intercurrent  mortality  is  the 
prevalence  analysis  of  Dinse  and  Lagakos 
(1983),  further  described  and  illustrated  by 
Dinse  and  Haseman  (1986).  When  tumors  are 
incidental,  this  comparison  of  the  time-specific 


tumor  prevalences  also  provides  a comparison  of 
the  time-s{>ecific  tumor  incidences  (McKnight 
and  Crowley,  1984). 

In  addition  to  logistic  regression,  alternative 
methods  of  statistical  analysis  were  used,  and 
the  results  of  these  tests  are  summarized  in  the 
appendixes.  These  include  the  life  table  test 
(Cox,  1972;  Tarone,  1975),  appropriate  for  rapid- 
ly lethal  tumors,  and  the  Fisher  exact  test  and 
the  Cochran-Armitage  trend  test  (Armitage, 
1971;  Cart  et  al.,  1979),  procedures  based  on  the 
overall  proportion  of  tumor-bearing  animals. 

Tests  of  significance  include  pairwise  compari- 
sons of  each  dosed  group  with  vehicle  controls 
and  a test  for  an  overall  dose-response  trend. 
Continuity-corrected  tests  were  used  in  the  anal- 
ysis of  tumor  incidence,  and  reported  P values 
are  one-sided.  The  procedures  described  above 
also  were  used  to  evaluate  selected  nonneoplas- 
tic lesions.  (For  further  discussion  of  these  sta- 
tistical methods,  see  Haseman,  1984.) 

Historical  Control  Data:  Although  the  concur- 
rent control  group  is  always  the  first  and  most 
appropriate  control  group  used  for  evaluation, 
there  are  certain  instances  in  which  historical 
control  data  can  be  helpful  in  the  overall  assess- 
ment of  tumor  incidence.  Consequently,  control 
tumor  incidences  from  the  XTP  historical  con- 
trol data  base  (Haseman  et  al.,  1984,  1985)  are 
included  for  those  tumors  appearing  to  show 
compound-related  effects. 
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III.  RESULTS:  RATS 


SIXTEEN-DAY  STUDIES 

All  rats  that  received  1,600  mg/kg  died  on  day  2; 
2/5  males  and  2/5  females  that  received  800 
mg/kg  also  died  before  the  end  of  the  studies 
(Table  2).  Compound-related  clinical  signs  were 
not  seen  in  animals  that  survived  to  the  end  of 
the  studies.  Final  mean  body  weights  of  rats 
that  received  800  mg/kg  were  14%  lower  than 
those  of  the  vehicle  con-trols  for  males  and  11% 
lower  for  females.  The  final  mean  body  weights 
of  rats  in  other  dosed  groups  were  similar  to 
those  of  vehicle  controls.  No  compound-related 
gross  lesions  were  observed. 


THIRTEEN-WEEK  STUDIES 

Six  of  10  males  and  3/10  females  that  received 
800  mg/kg  and  1/10  females  that  received  400 
mg/kg  died  before  the  end  of  the  studies  (Table 
3).  One  vehicle  control  female  rat  also  died.  The 
final  mean  body  weight  of  male  rats  that  re- 
ceived 800  mg/kg  was  26%  lower  than  that  of  ve- 
hicle controls.  Final  mean  body  weights  of  dosed 
and  vehicle  control  female  rats  were  similar. 

Compound-related  lesions  were  seen  at  800 
mg/kg  but  not  at  400  mg/kg.  In  the  brain,  these 
lesions  included  degeneration  and  necrosis  of  the 


TABLE  2.  SURVIVAL  AND  MEAN  BODY  WEIGHTS  OF  RATS  IN  THE  SIXTEEN-DAY  GAVAGE 

STUDIES  OF  BENZALDEHYDE 


Mean  Body  Weights  (grams) Final  Weight  Relative 


Dose 

Survival  (a) 

Initial  (b) 

Final 

Change  (c) 

to  Vehicle  Controls 

(mg/kg) 

(percent) 

MALE 


0 

5/5 

168  ± 5 

238  ± 6 

-(-70  ± 2 

100 

5/5 

156  ± 4 

228  ± 6 

+ 12  ± 3 

96 

200 

5/5 

160  ± 4 

229  ± 4 

-1-69  ± 4 

96 

400 

5/5 

169  ± 4 

240  ± 4 

+ 11  ± 3 

101 

800 

(d)3/5 

168  ± 5 

204  ± 8 

-1-31  ± 3 

86 

1,600 

(e)0/5 

171  ± 2 

(D 

(f) 

(f) 

FEMALE 

0 

5/5 

120  ± 4 

151  ± 2 

-1-31  ± 2 

100 

5/5 

112  ± 2 

140  ± 2 

-1-28  ± 1 

93 

200 

5/5 

114  ± 2 

145  ± 3 

-1-31  ± 1 

96 

400 

5/5 

120  ± 4 

154  ± 4 

-1-34  ± 2 

102 

800 

(g)3/5 

112  ± 3 

135  ± 2 

-1-21  ± 5 

89 

1,600 

(e)0/5 

120  ± 2 

(f) 

(f) 

(D 

(a)  Number  surviving/number  initially  in  group 

(b)  Initial  group  mean  body  weight  ± standard  error  of  the  mean.  Subsequent  calculations  are  based  on  animals  surviving  to 
the  end  of  the  study. 

(c)  Mean  body  weight  change  of  the  survivors  1;  standard  error  of  the  mean 

(d)  Day  of  death:  6,6 

(e)  Day  of  death:  all  2 

(f)  No  data  are  reported  due  to  100%  mortality  in  this  group. 

(g)  Day  of  death:  6,12 
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TABLE  3.  SURVIVAL  AND  MEAN  BODY  WEIGHTS  OF  RATS  IN  THE  THIRTEEN-WEEK  GAVAGE 

STUDIES  OF  BENZALDEHYDE 


Mean  Body  Weights  (grams) Final  Weight  Relative 

Dose  Survival  (a)  Initial  (b)  Final  Change  (c)  to  Vehicle  Controls 

(mg/kg)  (percent) 


MALE 


0 

10/10 

no  ± 1 

340  ± 5 

4-230  ± 5 

50 

10/10 

108  ± 2 

338  ± 6 

4-230  ± 6 

99 

100 

10/10 

108  ± 2 

346  ± 6 

4-238  ± 6 

102 

200 

10/10 

111  ± 2 

349  ± 6 

4-238  ± 5 

103 

400 

10/10 

109  ± 2 

329  ± 8 

4-220  ± 8 

97 

800 

(d)4/10 

107  ± 2 

252  ± 5 

-H147  ± 5 

74 

FEMALE 

0 

(e)9/10 

95  ± 2 

203  ± 3 

4-107  ± 4 

50 

10/10 

92  ± 2 

196  ± 4 

4-104  ± 3 

97 

100 

10/10 

92  ± 2 

203  ± 3 

4-111  ± 2 

100 

200 

10/10 

91  ± 2 

200  ± 4 

4-109  ± 3 

99 

400 

(f)9/10 

93  ± 2 

203  ± 3 

4-111  ± 2 

100 

800 

(g)7/10 

93  ± 2 

213  ± 4 

4-118  ± 4 

105 

(a)  Number  surviving/number  initially  in  group 

(b)  Initial  group  mean  body  weight  ± standard  error  of  the  mean.  Subsequent  calculations  are  based  on  animals  surviving  to 
the  end  of  the  study. 

(c)  Mean  body  weight  change  of  survivors  ± standard  error  of  the  mean 

(d)  Week  of  death:  5,9,9.11,12,13 

(e)  Week  of  death:  1 

(f)  Week  of  death:  9 

(g)  Week  of  death:  10,12,13 


cerebellum  and  necrosis  of  the  neurons  in  the  hip- 
pocampus. Hyperplasia  and/or  hyperkeratosis  of 
the  forestomach,  characterized  by  a mild-to- 
moderate  thickening  of  the  squamous  epithe- 
lium, occurred  in  both  males  and  females  in  the 
800  mg/kg  groups.  Degeneration  of  the  liver,  ne- 
crosis of  the  liver  (males  only),  and  degeneration 
or  necrosis  of  the  tubular  epithelium  in  the  kid- 
ney also  occurred  at  the  highest  dose  (Table  4). 

The  cellular  degeneration  and  necrosis  present 
in  the  granular  and  Purkinje  cell  layers  of  the 
cerebellum  were  focal  to  multifocal  in  distribu- 
tion and  minimal  to  marked  in  severity;  in  males, 
mineralization  was  also  present  in  the  areas  of 
necrosis.  Areas  of  involvement  had  pyknotic  and 
karyorrhectic  nuclei  with  dark  eosinophilic  cyto- 
plasm. As  the  lesion  progressed,  these  foci  con- 
tained nuclear  debris  and  cellular  detritus.  Of- 
ten, these  nuclear  fragments  were  undergoing 


early  mineralization  evidenced  by  formation  of 
oval  or  round  basophilic  mineralized  concretions 
of  various  sizes.  As  the  mineralization  increased 
in  severity,  it  could  be  identified  at  low  power 
magnification  as  corpa  amylacea  surrounded  by 
halos.  The  lesion  in  the  granular  layer  often  ex- 
tended into  the  Purkinje  cell  layer,  entrapping 
neurons  and  resulting  in  cell  death.  Occasional 
Purkinje  cells  could  be  seen  deep  within  the 
granular  layer.  The  hippocampal  lesions  consist- 
ed of  disruptions  of  the  pyramidal  and  molecular 
layers,  with  loss  of  normal  architecture  observ- 
able at  low  magnification.  At  higher  magnifica- 
tion, the  molecular  layer  had  focal  areas  of  ne- 
crosis with  foci  of  pale,  eosinophilic  "ghost  cells.” 
The  pyramidal  layers  had  focal  areas  of  cellular 
necrosis  consisting  of  pyknotic,  basophilic  nuclei 
that  were  undergoing  karyorrhexis.  In  milder 
cases,  nuclear  debris  in  this  zone  was  often  the 
only  lesion  observed. 
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TABLE  4.  NUMBERS  OF  RATS  WITH  SELECTED  LESIONS  IN  THE  THIRTEEN-WEEK  GAVAGE 

STUDIES  OF  BENZALDEHYDE 


Dose  (mg/kg) 

Male 

Female 

Site/Lesion 

0 

400 

800 

0 

400 

800 

Number  examined 

10 

10 

10 

9 

10 

10 

Brain/cerebellum 

Degeneration 

0 

0 

++9 

0 

0 

♦ ♦10 

Necrosis 

0 

0 

♦♦10 

0 

0 

♦♦10 

Mineralization 

0 

0 

0 

0 

0 

Brain/hippocampus 

Necrosis 

0 

0 

**(a)6 

0 

0 

♦ ♦10 

Forestomach 

Hyperplasia 

0 

0 

♦♦6 

0 

0 

♦ *8 

Hyperkeratosis 

0 

0 

♦5 

0 

0 

♦ ♦6 

Liver 

Degeneration 

0 

0 

♦4 

0 

0 

*4 

Necrosis 

0 

0 

3 

0 

0 

0 

Kidney/tubule 

Degeneration 

0 

0 

+4 

0 

0 

♦ 4 

Necrosis 

0 

0 

3 

0 

0 

3 

(a)  Six  brains  were  examined. 

*P<0.05  vs.  vehicle  controls  by  Fisher  exact  test 
**P<0.01  vs.  vehicle  controls  by  Fisher  exact  test 


Dose  Selection  Rationale:  Because  of  the  various 
lesions  observed  at  800  mg/kg  but  not  at  400 
mg/kg,  doses  selected  for  rats  for  the  2-year 
studies  were  200  and  400  mg/kg  benzaldehyde, 
administered  in  corn  oil  by  gavage,  5 days  per 
week. 


TWO-YEAR  STUDIES 

Body  Weights  and  Clinical  Signs 

Mean  body  weights  of  dosed  and  vehicle  control 
rats  were  similar  throughout  the  studies  (Table 
5 and  Figure  1). 
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TABLE  5.  MEAN  BODY  WEIGHTS  OF  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

BENZALDEHYDE 


WMk 

Vehicle  Control 

200  me/ke 

400  me/ke 

on 

Av.  Wt. 

Number 

Av.  Wt. 

wt.  'percent  of 

Number 

Av.  Wt. 

Wt.  (percent  of 

Number 

Study 

'grmmM) 

Weighed 

igrams) 

vehicle  controls) 

Weighed 

(grams) 

vehicle  controls) 

Weighed 

•MALE 

1 

160 

50 

161 

101 

50 

161 

101 

50 

2 

210 

50 

209 

100 

50 

208 

99 

50 

3 

235 

50 

233 

99 

50 

235 

100 

50 

4 

253 

50 

255 

101 

50 

257 

102 

50 

5 

272 

50 

273 

100 

50 

275 

101 

50 

6 

288 

50 

290 

101 

50 

291 

101 

50 

7 

304 

50 

303 

100 

50 

305 

100 

50 

8 

317 

50 

317 

100 

50 

319 

101 

50 

9 

328 

50 

325 

99 

50 

329 

100 

50 

10 

337 

50 

334 

99 

50 

339 

101 

50 

U 

348 

50 

345 

99 

50 

348 

100 

50 

12 

356 

50 

353 

99 

50 

356 

100 

50 

13 

361 

50 

362 

100 

50 

364 

101 

50 

17 

383 

50 

383 

100 

50 

387 

101 

50 

22 

409 

50 

408 

100 

50 

415 

101 

50 

26 

424 

50 

424 

100 

50 

429 

101 

49 

30 

433 

50 

434 

100 

50 

442 

102 

49 

35 

447 

50 

449 

100 

50 

459 

103 

48 

39 

459 

50 

459 

100 

49 

466 

102 

48 

43 

468 

50 

472 

101 

49 

477 

102 

47 

49 

478 

50 

482 

101 

49 

491 

103 

46 

54 

487 

50 

493 

101 

49 

501 

103 

46 

58 

488 

50 

499 

102 

49 

503 

103 

42 

62 

491 

50 

504 

103 

49 

506 

103 

42 

66 

492 

50 

505 

103 

49 

511 

104 

40 

70 

493 

49 

508 

103 

49 

510 

103 

40 

74 

496 

48 

511 

103 

48 

520 

105 

38 

78 

490 

47 

506 

103 

48 

512 

104 

37 

82 

488 

47 

506 

104 

47 

520 

107 

34 

86 

481 

45 

499 

104 

46 

514 

107 

32 

90 

481 

41 

498 

104 

45 

510 

106 

30 

94 

474 

41 

483 

102 

44 

507 

107 

29 

98 

467 

41 

478 

102 

41 

499 

107 

29 

102 

464 

40 

471 

102 

37 

497 

107 

26 

Mean  for  weeks 

1 13 

289.9 

289.2 

100 

291.3 

100 

17.49 

437.6 

438.6 

100 

445.8 

102 

54102 

484.0 

497.0 

103 

508.5 

105 

FEMALE 

1 

128 

50 

128 

100 

50 

128 

100 

50 

2 

148 

50 

150 

101 

50 

151 

102 

50 

3 

159 

50 

159 

100 

50 

160 

101 

50 

4 

168 

50 

168 

100 

50 

169 

101 

50 

5 

176 

50 

176 

100 

50 

179 

102 

50 

6 

181 

50 

181 

100 

50 

183 

101 

50 

7 

186 

50 

185 

99 

50 

189 

102 

50 

8 

190 

50 

188 

99 

50 

195 

103 

50 

9 

193 

50 

193 

100 

50 

199 

103 

50 

10 

195 

50 

197 

101 

50 

201 

103 

50 

11 

197 

50 

199 

101 

50 

204 

104 

50 

12 

201 

50 

202 

100 

50 

207 

103 

50 

13 

203 

50 

204 

100 

50 

209 

103 

50 

17 

211 

50 

213 

101 

50 

217 

103 

50 

22 

221 

50 

222 

100 

50 

229 

104 

49 

26 

227 

50 

230 

101 

50 

235 

104 

47 

30 

231 

50 

234 

101 

50 

241 

104 

47 

35 

239 

50 

244 

102 

50 

248 

104 

46 

39 

249 

50 

252 

101 

50 

254 

102 

45 

43 

257 

50 

260 

101 

50 

264 

103 

44 

49 

273 

50 

273 

100 

50 

279 

102 

44 

54 

286 

49 

288 

101 

50 

296 

104 

44 

58 

296 

49 

300 

101 

50 

305 

103 

44 

62 

301 

49 

305 

101 

50 

308 

102 

44 

66 

310 

49 

313 

101 

50 

315 

102 

44 

70 

316 

48 

321 

102 

50 

322 

102 

44 

74 

319 

48 

325 

102 

48 

327 

103 

ai  42 

78 

321 

46 

323 

101 

48 

327 

102 

41 

82 

321 

46 

330 

103 

47 

329 

102 

39 

86 

322 

44 

330 

102 

46 

331 

103 

38 

00 

325 

43 

334 

103 

45 

334 

103 

37 

94 

320 

42 

334 

104 

43 

335 

105 

36 

98 

326 

40 

336 

103 

40 

334 

102 

34 

102 

331 

36 

341 

103 

34 

336 

102 

30 

Mean  for  weeks 

1-13 

178.7 

179.2 

100 

182.6 

102 

17-49 

238.5 

241.0 

101 

245.9 

103 

54-102 

314.9 

321.5 

102 

323.0 

103 

Ca)  The  number  of  animals  weighed  was  iower  than  the  number  of  animals  surviving. 
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FIGURE  1.  GROWTH  CURVES  FOR  RATS  ADMINISTERED  BENZALDEHYDE 
IN  CORN  OIL  BY  GAVAGE  FOR  TWO  YEARS 
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III.  RESULTS:  RATS 


Survival  and  Meier  curves  in  Figure  2.  The  survival  of 

the  high  dose  group  of  male  rats  was  signifi- 
Kstimatesofthe  probabilities  of  survival  for  male  cantly  lower  than  that  of  the  vehicle  controls 

and  female  rats  administered  benzaldehyde  at  after  day  373;  no  other  significant  differences 

the  doses  used  in  these  studies  and  for  vehicle  were  observed  between  any  groups  of  either  sex. 

controls  are  shown  in  Table  6 and  in  the  Kaplan 

TABLE  6.  SURVIVAL  OF  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF  BENZALDEHYDE 

Vehicle  Control  200  mg/kg 

400  mg/kg 

MALE  (a) 

Animals  initially  in  study 

50 

50 

50 

Natural  deaths 

3 

9 

12 

Moribund  kills 

10 

12 

17 

Animals  surviving  until  study  termination 

37 

29 

21 

Mean  survival  (days) 

698 

694 

608 

Survival  P values  (b) 

<0.001 

0.176 

<0.001 

FEMALE  (a) 

Animals  initially  in  study 

50 

50 

50 

Natural  deaths 

4 

1 

9 

Moribund  kills 

13 

16 

12 

Animals  surviving  until  study  termination 

33 

33 

29 

Mean  survival  (days) 

692 

699 

632 

Survival  P values  (b) 

0.302 

1.000 

0.352 

(a)  First  day  of  termination  period:  male--729;  female-730 

( b ) The  result  of  the  life  table  trend  test  is  in  the  vehicle  control  column,  and  the  results  of  the  life  table  pairwise  comparisons 
with  the  vehicle  controls  are  in  the  dosed  columns. 


31 


Benzaldehyde,  NTF^  TR  378 


PROBABILITY  OF  SURVIVAL  PROBABILITY  OF  SURVIVAL 


FIGURE  2.  KAPLAN-MEIER  SURVIVAL  CURVES  FOR  RATS  ADMINISTERED 
BENZALDEHYDE  IN  CORN  OIL  BY  GAVAGE  FOR  TWO  YEARS 
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III.  RESULTS:  RATS 


F*aihology  and  Statistical  Analyses 
of  Results 

This  section  describes  the  statistically  significant 
or  biologically  noteworthy  changes  in  the  inci- 
dences of  rats  with  neoplastic  or  nonneoplastic 
lesions  of  the  pancreas,  mesothelium,  hemato- 
poietic system,  and  forestomach. 

Summaries  of  the  incidences  of  neoplasms  and 
nonneoplastic  lesions,  individual  animal  tumor 
diagnoses,  statistical  analyses  of  primary  tu- 
mors that  occurred  with  an  incidence  of  at  least 
5^  in  at  least  one  animal  group,  and  historical 
control  incidences  for  the  neoplasms  mentioned 
in  this  section  are  presented  in  Appendixes  A 
and  B for  male  and  female  rats,  resp>ectively. 

Pancreas:  H>-perplasia  and  adenomas  of  the  exo- 
crine pancreas  were  marginally  increased  in 
high  dose  male  rats;  the  incidence  of  adenomas 
in  the  high  dose  group  was  significantly  greater 
than  that  in  the  vehicle  controls  (Table  7 The 
incidence  of  adenomas  in  the  high  dose  group, 
however,  was  well  within  the  range  of  historical 


com  oil  vehicle  control  incidences  of  pancreatic 
acinar  cell  neoplasms  at  the  study  laboratory 
(0/49-lL  50,  22'^)  and  only  slightly  greater  than 
the  mean  historical  control  incidence  at  the 
study  laboratory  (36/397,  9^). 

H\-perpIasia  and  adenomas  are  part  of  a morpho- 
logic continuum  var\dng  from  small  lesions,  1 
mm  or  less  in  diameter,  to  nodular  masses  up  to 
10  mm  in  diameter.  Smaller  lesions  have  mini- 
mal alteration  in  growth  pattern  and  minimal 
cellular  at>-pia.  whereas  larger  ones  exhibit  pro- 
gressively greater  alterations  and  atmia.  Be- 
cause there  is  no  exclusive  criterion  that  distin- 
guishes adenomas  from  hyperplasia,  size  (in 
addition  to  gT0^vth  pattern  and  cellular  charac- 
teristics! is  used  to  categorize  these  proliferative 
lesions.  Generally,  lesions  smaller  than  3 mm  in 
diameter  with  shght  accentuation  of  the  tubular 
pattern  were  diagnosed  as  hmerplasia,  whereas 
those  larger  than  3 mm  were  diagnosed  as 
adenomas. 


T.\BLE  7.  P.\.VCRE.\nC  LESIONS  IN  >LA.Li;  R.A.TS  IN  THE  "nvO-YEAR  GAVAGE  STUDY  OE 

BENZAUDEHYDE  a 


Vehicle  Control 

200  mg  kg 

400  mg  kg 

Hyperplasia 

Overall  Rates 

6AS  12=?ci 

6 45  12^:. 

12  45  ' 25-% 

Terminal  Rates 

536  14^. 

629. 21^! 

52  1 43^ 

Day  of  First  Observation 

“24 

729 

3“3 

Logistic  Regression  Tests 

P = 0.015 

P = 0.4S4 

P = 0.025 

.Xdenoma  b' 

Overall  Rates 

3 49  o'?:) 

2,'49  A'?: 

" 45  15^ 

Terminal  Rates 

336  S^' 

1 29  3-^r 

621  2SA 

Day  of  First  Obsecration 

”29 

711 

65" 

Logistic  Regression  Tests 

? = 0.024 

P = 0.532X 

P = 0.035 

■ a For  a comp.etfi  explanation  of  the  entries  in  table,  see  table  A3  footnotes  t the  statistical  analvses  nsec  are  d'.scusseci 
in  Section  II  Statistical  Methc^ds  t 

I b I Historical  incidence  of  acinar  cell  adenomas  or  carcinomas  (combined : at  study  laboratory  mean  r SD  ■;  36  39“  9^:  r 
9'%- historical  incidence  in  NTP  studies:  107  2,01 1 5%  r 7'^-  * 
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III.  RESULTS:  RATS 


Mesothelium:  Malignant  mesotheliomas  of  the 
tunica  vaginalis  and/or  peritoneum  (mesentery) 
were  marginally  increased  in  dosed  male  rats 
(Table  8).  The  incidence  of  5/50  in  the  low  dose 
group  slightly  exceeded  the  highest  incidence 
observed  in  a corn  oil  vehicle  control  group  (4/50, 
8%)  at  the  study  laboratory.  Because  there  was 
no  significant  increase  in  the  high  dose  group 
and  because  the  incidence  in  the  low  dose  group 
was  only  marginally  increased  relative  to  the 
mean  historical  corn  oil  vehicle  control  incidence 
at  the  study  laboratory  (15/450,  3%),  the  malig- 
nant mesotheliomas  were  considered  to  be  unre- 
lated to  the  administration  of  benzaldehyde. 

Hematopoietic  System:  Mononuclear  cell  leuke- 
mia in  male  rats  occurred  with  a significant  pos- 
itive trend;  the  incidences  in  the  dosed  groups 
were  significantly  greater  than  that  in  the  vehi- 
cle controls  (Table  9).  The  increase  in  leukemia 
in  dosed  male  rats  is  largely  due  to  an  increase  in 
early  stage-1  leukemia.  The  following  criteria 
were  used  in  staging  the  extent  and  severity  of 
the  leukemia: 

Stage  1.  Spleen  not  enlarged  or  only  slightly 
enlarged,  with  small  numbers  of  mononuclear 
cells  in  the  red  pulp;  no  or  very  few  mononuclear 
cells  in  the  liver  sinusoids  and  none  in  other 
organs. 

Stage  2.  Spleen  moderately  enlarged  with 
moderate-to-large  numbers  of  mononuclear  cells 
in  the  red  pulp;  the  architectural  features,  in- 
cluding lymphoid  follicles  and  periarteriolar 


lymphocytic  sheaths,  remain  intact.  Minimal-to- 
moderate  numbers  of  mononuclear  cells  are 
present  in  the  sinusoids  of  the  liver.  Mononu- 
clear cells  may  be  evident  in  blood  vessels  in 
other  organs,  but  aggregates/masses  of  neoplas- 
tic cells  generally  limited  to  spleen  and  liver. 

Stage  3.  Advanced  disease  with  multiple  organ 
involvement.  Spleen  usually  markedly  enlarged 
with  effacement  of  normal  architectural  features 
by  accumulated  neoplastic  cells.  Liver  moderate- 
ly to  markedly  enlarged  and  nodular;  hepatic  pa- 
renchyma shows  variable  degenerative  changes 
associated  with  the  accumulation  of  neoplastic 
cells.  Accumulation  of  neoplastic  mononuclear 
cells  in  other  organs  such  as  the  lung,  lymph 
nodes,  kidney,  brain,  adrenal  gland  or  others. 

Because  of  the  relatively  large  proportion  of 
stage- 1 leukemia,  the  logistic  regression  test  is 
believed  to  be  more  appropriate  than  the  life 
table  test  for  statistical  analysis.  No  significant 
effect  was  seen  on  the  incidences  of  stage-2  or 
stage-3  leukemia  (combined).  The  slight  in- 
creases in  mononuclear  cell  leukemia  observed 
in  the  dosed  groups  were  not  considered  to  be 
chemically  related. 

Forestomach:  Squamous  papillomas  were  seen 
in  two  high  dose  female  rats;  the  historical 
incidence  of  forestomach  neoplasms  in  corn  oil 
vehicle  control  female  F344/N  rats  is  9/2,085 
(0.4%),  and  the  highest  observed  incidence  is 
2/49.  Hyperplasia  of  the  mucosa  was  seen  in 
5/50  vehicle  control,  2/50  low  dose,  and  3/50  high 
dose  female  rats. 


TABLE  8.  MESOTHELIAL  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

BENZALDEHYDE  (a) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Mesothelioma  (b) 
Overall  Rates 

0/50(0%) 

5/50(10%) 

2/50(4%) 

Terminal  Rates 

0/37(0%) 

4/29(14%) 

1/21  (5%) 

Day  of  First  Observation 

676 

558 

Logistic  Regression  Tests 

P = 0.167 

P = 0.031 

P = 0.233 

(a)  For  a complete  explanation  of  the  entries  in  this  table,  see  Table  A3  (footnotes);  the  statistical  analyses  used  are  discussed 
in  Section  II  (Statistical  Methods). 

(b)  Historical  incidence  at  study  laboratory  (mean  ± SD);  15/450(3%  ± 3%);  historical  incidence  in  NTP  studies:  78/2,099 
(4%  ± 3%) 
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TAIU.K  9.  HKMATOPOIETIC  SYSTEM  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  BENZALDEHYDE  (a) 


Vehicle  Control 

200  mg/kg 

400  mg'kg 

Mononuclear  Cell  Leukemia  (b) 

Overall  Rates 

10/50  (20%) 

17/50(34%) 

16/50(32%) 

Terminal  Rates 

7/37(19%) 

13/29(45%) 

10/21  (48%) 

Day  of  First  Observation 

508 

632 

373 

Stage  1 (c) 

4 

10 

7 

Stage  2 

1 

3 

2 

Stage  3 

5 

4 

7 

All  Stages 

Life  Table  Tests 

P = 0.003 

P = 0.026 

P = 0.006 

Logistic  Regression  Tests 

P = 0.023 

P = 0.081 

P = 0.041 

Stages  2 or  3 (combined) 

Overall  Rates 

6/50(12%) 

7/50(14%) 

9/50(18%) 

Terminal  Rates 

4/37(11%) 

4/29(14%) 

4/21(19%) 

Life  Table  Tests 

P = 0.050 

P = 0.361 

P = 0.072 

Logistic  Regression  Tests 

P = 0.202 

P = 0.497 

P = 0.266 

(a)  For  a complete  explanation  of  the  entries  in  this  table,  see  Table  A3  (footnotes);  the  statistical  analyses  used  are  discussed  in 
Section  II  (Statistical  Methods). 

(bi  Historical  incidence  of  leukemia  at  study  laboratory’ (mean  ± SD):  45/450(10%  ± 8%);  historical  incidence  in  NTP  studies: 
361/2.099(17%  ± 9%) 

(c)  Number  of  rats  with  indicated  stage  of  leukemia 
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III.  RESULTS:  MICE 


SIXTEEN-DAY  STUDIES 

All  mice  that  received  1,600  or  3,200  mg/kg 
died  by  day  3 (Table  10).  One  male  that  received 
800  mg/kg  died  on  day  10.  Final  mean  body 
weights  of  dosed  and  vehicle  control  mice  were 
similar.  No  compound-related  gross  lesions  were 
observed. 


THIRTEEN-WEEK  STUDIES 

Nine  of  10  males  and  1/10  females  that  received 
1,200  mg/kg  died  during  the  first  week  (Table 
11).  The  final  mean  body  weight  of  males  that 
received  600  mg/kg  was  9%  lower  than  that  of 
vehicle  controls.  Final  mean  body  weights  of 
dosed  and  vehicle  control  female  mice  were  simi- 
lar. The  only  other  compound-related  effect  in 
mice  was  a mild-to-moderate  renal  tubule  degen- 
eration that  occurred  in  all  10  males  that  re- 
ceived 1,200  mg/kg  and  in  1 male  that  received 
600  mg/kg. 


TABLE  10.  SURVIVAL  AND  MEAN  BODY  WEIGHTS  OF  MICE  IN  THE  SIXTEEN-DAY  GAVAGE 

STUDIES  OF  BENZALDEHYDE 


Mean  Body  Weights  (grams) Final  Weight  Relative 


Dose 

Survival  (a) 

Initial  (b) 

Final 

Change  (c) 

to  Vehicle  Controls 

(mg/kg) 

(percent) 

MALE 


0 

5/5 

24.8  ± 0.4 

27.0  ± 0.4 

+ 2.2  ± 0.2 

200 

5/5 

24.0  ± 0.5 

25.8  ± 0.7 

-1-1.8  ± 0.2 

96 

400 

5/5 

24.8  ± 0.2 

26.2  ± 0.6 

-tl.4  ± 0.4 

97 

800 

(d)4/5 

25.8  ± 0.7 

27.3  ± 0.9 

-1-2.0  ± 0.4 

101 

1,600 

(e)  0/5 

25.0  ± 0.5 

(f) 

(f) 

(f) 

3,200 

(e)  0/5 

25.8  ± 0.2 

(f) 

(f) 

(f) 

FEMALE 

0 

5/5 

19.2  ± 0.4 

21.6  ± 0.4 

-(-2.4  ± 0.2 

200 

5/5 

18.6  ± 0.2 

20.8  ± 0.2 

+ 2.2  ± 0.2 

96 

400 

5/5 

19.0  ± 0.3 

21.4  ± 0.2 

-1-2.4  ± 0.2 

99 

800 

5/5 

19.2  ± 0.4 

22.2  ± 0.5 

-1-3.0  ± 0.4 

103 

1,600 

(g)  0/5 

18.8  ± 0.4 

(f) 

(f) 

(f) 

3,200 

(e)  0/5 

19.2  ± 0.2 

(f) 

(f) 

(f) 

(a)  Number  surviving/number  initially  in  group 

(b)  Initial  group  mean  body  weight  ± standard  error  of  the  mean.  Subsequent  calculations  are  based  on  animals  surviving  to 
the  end  of  the  study. 

(c)  Mean  body  weight  change  of  the  survivors  ± standard  error  of  the  mean 

(d)  Day  of  death:  10 

(e)  Day  of  death:  all  2 

(f)  No  data  are  reported  due  to  100%  mortality  in  this  group. 

(g)  Day  of  death:  2,2,3, 3,3 
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TAHI.F  11.  SURVIVAL  AND  MEAN  BODY  WEIGHTS  OF  AHCE  IN  THE  THIRTEEN-WEEK  GAVAGE 

STUDIES  OF  BENZALDEHY'DE 


Mean  Body  Weights  (grams) Final  Weight  Relative 

Dose  Survival  (a)  Initial  (b)  Final  Change  (c)  to  Vehicle  Controls 

img/kg)  (percent) 


MALE 


0 

10/10 

25.0  ± 0.3 

35.0  ± 0.6 

-1-10.0  ± 0.6 

75 

10/10 

24.3  ± 0.4 

34.3  ± 0.8 

-t-10.0  ± 0.6 

98 

150 

10/10 

24.2  ± 0.2 

33.9  ± 0.7 

+ 9.7  ± 0.7 

97 

300 

10/10 

24.3  ± 0.3 

33.8  ± 0.7 

-(-9.5  ± 0.5 

97 

600 

10/10 

24.1  ± 0.4 

31.8  ± 0.9 

+ 7.7  ± 0.6 

91 

1,200 

id)0/10 

24.1  ± 0.3 

(e) 

(e) 

(e) 

FEMALE 

0 

10/10 

19.5  ± 0.3 

26.2  ± 0.6 

+ 6.7  ± 0.4 

75 

10/10 

19.4  ± 0.2 

26.0  ± 0.4 

-1-6.6  ± 0.5 

99 

150 

10/10 

19.3  ± 0.3 

27.5  ± 0.9 

+ 8.2  ± 0.7 

105 

300 

10/10 

19.3  ± 0.2 

25.9  ± 0.2 

+ 6.6  ± 0.2 

99 

600 

10/10 

19.2  ± 0.4 

25.5  ± 0.5 

-(-6.3  ± 0.5 

97 

1,200 

(f)9/10 

19.2  ± 0.4 

27.0  ± 0.7 

+ 7.9  ± 0.4 

103 

(a)  Number  surviving/number  initially  ingroup 

(b)  Initial  group  mean  body  weight  ± standard  error  of  the  mean.  Subsequent  calculations  are  based  on  animals  surviving  to 
the  end  of  the  study. 

(c)  .Mean  body  weight  change  of  the  survivors  ± standard  error  of  the  mean 

(d)  Week  of  death:  all  1 except  one  death  during  week  4 

(e)  No  data  are  reported  due  to  100%  mortality  in  this  group. 

(f)  Week  of  death:  1 


Dose  Selection  Rationale:  Doses  of  benzaldehyde 
selected  for  male  mice  for  the  2-year  studies  were 
200  and  400  mg/kg,  based  on  renal  lesions  in  one 
male  mouse  given  600  mg/kg  and  in  all  of  the 
male  mice  given  1,200  mg/kg  for  13  weeks. 
Doses  selected  for  female  mice  for  the  2-year 
studies  were  300  and  600  mg/kg  because  of  the 
steep  dose-response  curve  for  mortality  demon- 
strated in  the  16-day  and  13-week  studies  (sur- 
vival—16-day  study;  1,600  mg/kg,  0/5;  13-week 
study:  1,200  mg/kg,  9/10). 


TWO-YEAR  STUDIES 

Body  Weights  and  Clinical  Signs 

Mean  body  weights  of  dosed  and  vehicle  control 
mice  were  similar  throughout  the  studies  (Ta- 
ble 12  and  Figure  3).  No  compound-related  clin- 
ical signs  were  observed. 
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TABLE  12.  MEAN  BODY  WEIGHTS  OF  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

BENZALDEHYDE 


Week 

Vehicle  Control 

Low  Dose 

Hifth  Dose 

on 

Av.  WL 

Number 

Av.  Wt, 

Wt.  (percent  of 

Number 

Av.  Wt. 

Wt.  (percent  of 

Number 

Study 

(p'ams) 

Weighed 

(grams) 

vehicle  controls) 

Weighed 

(grams) 

vehicle  controls) 

Weighed 

MALE 

200  mg/kg 

400  mg/kg 

1 

21.5 

50 

21.4 

99.5 

50 

21.4 

99.5 

50 

2 

23.7 

48 

22.3 

94.1 

48 

24.6 

103.8 

(a)  49 

3 

24.8 

46 

24.3 

98.0 

48 

25.3 

102.0 

49 

4 

25.7 

46 

25.7 

100.0 

48 

26.1 

101.6 

(a)  48 

5 

26.8 

46 

25.8 

96.3 

48 

27.5 

102.6 

(a)  48 

6 

28.0 

46 

26.9 

96.1 

48 

28.7 

102.5 

(a)  48 

7 

27.7 

46 

28.7 

103.6 

48 

30.3 

109.4 

49 

8 

29.1 

46 

29.5 

101.4 

48 

30.7 

105.5 

49 

9 

30.2 

46 

30.0 

99.3 

48 

31.2 

103.3 

(a)  48 

10 

30.7 

46 

30.4 

99.0 

48 

31.9 

103.9 

(a)  48 

11 

30.7 

46 

31.4 

102.3 

48 

31.0 

101.0 

(a)  48 

12 

29.9 

46 

32.4 

108.4 

48 

31.1 

104.0 

(a)  48 

13 

32.9 

46 

32.9 

100.0 

48 

33.8 

102.7 

(a)  48 

16 

33.6 

46 

35.2 

104.8 

48 

32.3 

96.1 

(a)  48 

21 

38.3 

46 

38.4 

100.3 

48 

38.1 

99.5 

(a)  48 

26 

40.2 

46 

38.3 

95.3 

48 

40.6 

101.0 

(a)  48 

29 

40.2 

46 

41.6 

103.5 

48 

41.6 

103.5 

(a)  48 

35 

41.8 

46 

43.6 

104.3 

47 

42.7 

102.2 

49 

39 

43.9 

46 

44.4 

101.1 

47 

45.4 

103.4 

49 

43 

44.6 

46 

44.4 

99.6 

47 

45.3 

101.6 

(a)  47 

46 

46.1 

46 

46.4 

100.7 

46 

46.7 

101.3 

(a)  47 

50 

46.9 

46 

47.6 

101.5 

46 

48.3 

103.0 

(a)  47 

54 

46.2 

46 

47.7 

103.2 

46 

47.6 

103.0 

(a)  46 

58 

47.2 

46 

46.8 

99.2 

46 

48.4 

102.5 

(a)  46 

62 

47.3 

46 

46.5 

98.3 

46 

48.4 

102.3 

(a)  46 

66 

47.6 

44 

47.9 

100.6 

46 

47.8 

100.4 

(a)  46 

70 

48.1 

44 

48.8 

101.5 

46 

49.4 

102.7 

45 

74 

48.3 

44 

48.7 

100.8 

44 

49.5 

102.5 

45 

78 

48.5 

44 

47.5 

97.9 

43 

49.4 

101.9 

43 

82 

48.4 

43 

46.2 

95.5 

42 

48.9 

101.0 

43 

86 

48.2 

41 

45.1 

93.6 

39 

48.4 

100.4 

38 

90 

47.5 

40 

46.6 

98.1 

39 

47.8 

100.6 

38 

94 

46.0 

39 

46.8 

101.7 

38 

47.6 

103.5 

37 

98 

45.5 

36 

46.6 

102.4 

38 

47.4 

104.2 

35 

102 

44.7 

35 

44.8 

100.2 

35 

45.9 

102.7 

33 

Mean  for  weeks 

1-13 

27.8 

27.8 

100 

28.7 

103 

16  50 

41.7 

42.2 

101 

42.3 

101 

54-102 

47.2 

46.9 

99 

48.2 

102 

FEMALE 

300  mg/kg 

600  mg/kg 

1 

17.4 

50 

17.4 

lOO.O 

50 

17.4 

100.0 

50 

2 

18.7 

50 

18.4 

98.4 

50 

18.8 

100.5 

50 

3 

19.5 

49 

18.9 

96.9 

50 

19.7 

101.0 

50 

4 

20.8 

49 

19.6 

94.2 

50 

19.5 

93.7 

50 

5 

21.6 

49 

21.2 

98.1 

50 

21.3 

98.6 

50 

6 

22.3 

49 

22.0 

98.7 

50 

22.1 

99.1 

50 

7 

22.5 

49 

22.6 

100  4 

50 

22.3 

99.1 

50 

8 

23.3 

49 

22.9 

98.3 

50 

23.0 

98.7 

50 

9 

23.4 

49 

23.5 

100.4 

50 

23.5 

100.4 

50 

10 

23.6 

49 

23.3 

98.7 

50 

24.0 

101.7 

50 

11 

24.3 

49 

23.6 

97.1 

50 

23.6 

97.1 

50 

12 

25.0 

49 

24.3 

97.2 

50 

24.5 

98.0 

50 

13 

24.8 

49 

24.7 

99.6 

50 

25.3 

102.0 

50 

15 

25.6 

49 

25.2 

98.4 

50 

25.6 

100.0 

50 

20 

26.5 

49 

25.5 

96.2 

49 

25.2 

95.1 

50 

23 

27.9 

49 

27.8 

99.6 

49 

27.7 

99.3 

50 

29 

28.2 

49 

29.4 

104.3 

49 

29  4 

104.3 

50 

33 

30.1 

49 

30.4 

101.0 

49 

30.5 

101.3 

50 

37 

30.8 

49 

31.4 

101.9 

49 

31.7 

102.9 

50 

40 

32.0 

49 

31.5 

98.4 

49 

32.5 

101.6 

50 

44 

34.2 

49 

33.8 

98.8 

49 

33.5 

98.0 

50 

48 

34.7 

49 

35.7 

102.9 

49 

35.1 

101.2 

50 

52 

35.9 

49 

34.0 

94.7 

49 

36.3 

101.1 

49 

56 

36.2 

49 

36.3 

100.3 

49 

36.8 

101.7 

49 

58 

37.5 

49 

37.4 

99.7 

49 

37.4 

99.7 

49 

62 

39.1 

49 

38.9 

99.5 

48 

39.3 

100.5 

49 

66 

38.7 

48 

39.0 

100.8 

46 

39.5 

102.1 

47 

70 

38.4 

47 

41.2 

107.3 

45 

40.3 

104.9 

47 

74 

40.3 

45 

41.5 

103.0 

44 

40.9 

101.5 

45 

78 

40.7 

42 

41.7 

102.5 

43 

42.1 

103.4 

43 

82 

40.8 

41 

41.3 

101.2 

41 

40.8 

100.0 

43 

86 

40.3 

40 

42.1 

104.5 

40 

41.2 

102.2 

43 

90 

40.7 

39 

42.3 

103.9 

38 

41.4 

101.7 

40 

94 

41.1 

35 

42.8 

104.1 

35 

42.1 

102.4 

40 

98 

42.0 

33 

42.0 

100.0 

31 

42.0 

100.0 

40 

102 

39.6 

31 

42.0 

106.1 

30 

42.2 

106.6 

37 

Mean  for  weeks 

1-13 

22.1 

21.7 

98 

21.9 

99 

15-52 

30.6 

30.5 

100 

30.8 

101 

56-102 

39.6 

40.7 

103 

40.5 

102 

(a)  The  number  of  animals  weighed  was  lower  than  the  number  of  animals  surviving. 
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FIGURE  3.  GROWTH  CURVES  FOR  MICE  ADMINISTERED  BENZALDEHYDE  IN 
CORN  OIL  BY  GAVAGE  FOR  TWO  YEARS 
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III.  RESULTS:  MICE 


Survival 


Estimates  of  the  probabilities  of  survival  for 
male  and  female  mice  administered  benzalde- 
hyde  at  the  doses  used  in  these  studies  and  for 
vehicle  controls  are  shown  in  Table  13  and  in  the 
Kaplan  and  Meier  curves  in  Figure  4.  No  sig- 
nificant differences  were  observed  between  any 
groups  of  either  sex. 


Pathology  and  Statistical  Analyses 
of  Results 

This  section  describes  the  statistically  significant 
or  biologically  noteworthy  changes  in  the  inci- 
dences of  mice  with  neoplastic  or  nonneoplastic 
lesions  of  the  forestomach. 

Summaries  of  the  incidences  of  neoplasms  and 
nonneoplastic  lesions,  individual  animal  tumor 
diagnoses,  statistical  analyses  of  primary  tu- 
mors that  occurred  with  an  incidence  of  at  least 
5%  in  at  least  one  animal  group,  and  historical 
control  incidences  for  the  neoplasms  mentioned 
in  this  section  are  presented  in  Appendixes  C and 
D for  male  and  female  mice,  respectively. 


TABLE  13.  SURVIVAL  OF  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF  BENZALDEHYDE 


..nfll 


illmii 


..mini 

..lliMIII 


..iilltHl 


Vehicle  Control 

Low  Dose 

High  Dose 

MALE  (a) 

200  mg/kg 

400  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Natural  deaths 

5 

4 

4 

Moribund  kills 

9 

11 

13 

Killed  accidentally 

4 

2 

2 

Animals  surviving  until  study  termination 

32 

33 

31 

Mean  survival  (days) 

646 

656 

662 

Survival  P values  (b) 

0.592 

0.989 

0.654 

FEMALE  (a) 

300  mg/kg 

600  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Natural  deaths 

7 

8 

8 

Moribund  kills 

11 

13 

7 

Killed  accidentally 

2 

2 

0 

Animals  surviving  until  study  termination 

30 

27 

(c)  35 

Mean  survival  (days) 

662 

658 

683 

Survival  P values  (b) 

0.521 

0.695 

0.589 

(a)  First  day  oftermination  period:  male-736;female--729 

(b)  The  result  of  the  life  table  trend  test  is  in  the  vehicle  control  column,  and  the  results  of  the  life  table  pairwise  comparisons 
with  the  vehicle  controls  are  in  the  dosed  columns. 

(c)  One  of  the  animals  died  a natural  death  during  the  termination  period  and  was  combined,  for  statistical  purposes,  with 
those  killed  at  termination. 
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FIGURE  4.  KAPLAN-MEIER  SURVIVAL  CURVES  FOR  MICE  ADMINISTERED 
BENZALDEHYDE  IN  CORN  OIL  BY  GAVAGE  FOR  TWO  YEARS 
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III.  RESULTS:  MICE 


Forestomach:  Focal  hyperplasia  and  squamous 
cell  papillomas  were  increased  in  dosed  male  and 
female  mice;  the  incidences  of  squamous  cell  pap- 
illomas in  low  and  high  dose  female  mice  were 
significantly  greater  than  that  in  vehicle  con- 
trols (Table  14). 

Focal  hyperplasia  of  the  forestomach  was  char- 
acterized by  a localized  region  of  increased  thick- 
ness of  the  stratified  squamous  epithelium.  In 
the  less  severe  lesions  the  surface  of  the  epithe- 
lium was  irregular  or  slightly  folded,  whereas  in 
the  more  advanced  lesions  the  epithelium  was 
more  extensively  folded,  producing  short  papil- 
lary projections  with  a narrow  core  of  connective 
tissue  (Figures  5 and  6).  The  squamous  cell  pap- 
illomas exhibited  greater  complexity  of  the  pap- 
illae and  the  formation  of  a stalk  (Figure  7). 


A squamous  cell  carcinoma  was  diagnosed  in  a 
single  high  dose  female  mouse  by  the  pathologist 
at  the  study  laboratory.  The  original  histologic 
section  of  this  lesion  was  examined  by  the  Pa- 
thology Working  Group,  which  did  not  confirm  a 
diagnosis  of  neoplasia;  they  recommended  that 
additional  sections  of  the  lesion  be  examined. 
Additional  sections  were  prepared  and  examined 
by  the  laboratory  and  National  Toxicology  Pro- 
gram (NTP)  staff  pathologists.  Although  the 
laboratory  pathologist  preferred  the  diagnosis  of 
squamous  cell  carcinoma,  the  NTP  pathologists 
believed  the  lesion  represented  an  inflamed  epi- 
thelial cyst  with  hyperplasia  of  the  overlying  epi- 
thelium (Figure  8).  Thus,  this  lesion  was  not  in- 
cluded in  Table  14  and  was  not  considered  when 
benzaldehyde-related  effects  were  interpreted. 


TABLE  14.  FORESTOMACH  LESIONS  IN  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

BENZALDEHYDE  (a) 


Vehicle  Control 

Low  Dose 

High  Dose 

MALE 

200  mg/kg 

400  mg/kg 

Hyperplasia 

Overall  Rates 

7/50(14%) 

8/50(16%) 

**16/50(32%) 

Squamous  Papilloma  (b) 

Overall  Rates 

1/50(2%) 

2/50(4%) 

5/50(10%) 

Terminal  Rates 

1/32(3%) 

1/33  (3%) 

5/31  (16%) 

Day  of  First  Observation 

736 

541 

736 

Logistic  Regression  Tests 

P = 0.057 

P = 0.502 

P = 0.094 

FEMALE 

300  mg/kg 

600  mg/kg 

Hyperplasia 

Overall  Rates 

12/50(24%) 

*23/50  (46%) 

**39/50(78%) 

Squamous  Papilloma  (c) 

Overall  Rates 

0/50  (0%) 

5/50(10%) 

6/50(12%) 

Terminal  Rates 

0/30  (0%) 

3/27(11%) 

5/35(14%) 

Day  of  First  Observation 

591 

526 

Logistic  Regression  Tests 

P = 0.020 

P = 0.032 

P = 0.020 

(a)  For  a complete  explanation  of  the  entries  in  this  table,  see  Table  C3  (footnotes);  the  statistical  analyses  used  are  discussed 
in  Section  II  (Statistical  Methods). 

(b)  Historical  incidence  of  squamous  cell  papillomas  or  carcinomas  (combined)  at  study  laboratory  (mean  ± SD):  8/445 
(2%  ± 4%);  historical  incidence  in  NTP  studies;  39/2,033  (2%  ± 3%) 

(c)  Historical  incidence  of  squamous  cell  papillomas  or  carcinomas  (combined)  at  study  laboratory  (mean  ± SD):  8/446 
(2%  ± 3%);  historical  incidence  in  NTP  studies:  33/2,047  (2%  ± 3%) 

*P<0.05  vs.  the  vehicle  controls 
**P<0.01  vs.  the  vehicle  controls 
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III.  RESULTS:  GENETIC  TOXICOLOGY 


Benzaldehyde  was  not  mutagenic  to  Salmonella 
typhimurium  strains  TA98,  TAIOO,  TA1535,  or 
TA1537  when  tested  according  to  a preincuba- 
tion protocol  with  doses  up  to  1,000  pg/plate 
(slight  toxicity  noted  at  this  dose)  in  both  the 
presence  and  absence  of  Aroclor  1254-induced 
male  Sprague  Dawley  rat  or  Syrian  hamster 
liver  S9  (Haworth  et  al.,  1983;  Table  HI).  Re- 
sults of  S.  typhimurium  mutagenicity  tests  per- 
formed in  a second  laboratory  with  benzalde- 
hyde doses  of  up  to  3,333  pg/plate  in  strains 
TAIOO,  TA102,  and  TA104  with  and  without  in- 
duced rat  or  mouse  liver  S9  were  also  negative 
(Table  HI).  Benzaldehyde  gave  a positive  re- 
sponse in  the  absence  of  exogenous  metabolic 
activation  for  induction  of  trifluorothymidine  re- 
sistance in  mouse  L5178Y/TK  cells  at  the  high- 
est dose  tested  in  each  of  two  trials;  no  tests  were 
performed  with  activation  (McGregor  et  al.. 


1990;  Table  H2).  In  cytogenetic  tests  with  Chi- 
nese hamster  ovary  (CHO)  cells,  benzaldehyde 
induced  sister  chromatid  exchanges  at  doses  of 
50  and  160  pg/ml  in  the  absence  of  S9  and  at  a 
dose  of  1,600  pg/ml  in  the  presence  of  Aroclor 
1254-induced  male  Sprague  Dawley  rat  liver  S9 
(Galloway  et  al.,  1987;  Table  H3).  No  induction 
of  chromosomal  aberrations  was  observed  in 
CHO  cells  treated  with  up  to  500  pg/ml  benzal- 
dehyde in  the  absence  of  S9  or  with  up  to  1,600 
pg/ml  with  S9  (Galloway  et  al.,  1987;  Table  H4). 
No  significant  induction  of  sex-linked  recessive 
lethal  mutations  was  observed  in  the  germ  cells 
of  male  Drosophila  melanogaster  administered 
benzaldehyde  at  a concentration  of  1,150  ppm  by 
feeding  or  2,500  ppm  by  injection  (Woodruff  et 
al.,  1985;  Table  H5).  The  experimental  proce- 
dures and  results  are  presented  in  Appendix  H. 
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IV.  DISCUSSION  AND  CONCLUSIONS 


Benzaldehyde  is  an  aromatic  aldehyde  used  in 
the  food,  beverage,  perfume,  pharmaceutical, 
soap,  and  dyestuff  industries.  It  was  nominated 
for  carcinogenicity  studies  on  the  basis  of  its 
high  production  volume  (75,000  tons  in  1981) 
and  substantial  human  exposure  (an  estimated 
average  of  48.2  mg  is  ingested  daily  by  adult  hu- 
mans [Kluwe  et  al.,  1983])  and  also  on  structural 
considerations  as  the  parent  compound  of  the 
aromatic  aldehyde  group. 

Sixteen  day,  13-week,  and  2-year  studies  of  benz- 
aldehyde were  conducted  in  F344/N  rats  and 
B6C3Fi  mice.  Benzaldehyde  was  administered 
by  gavage  in  corn  oil  for  most  accurate  control  of 
exposure  amounts  and  to  mimic  oral  human  ex- 
posure. The  chemical  is  known  to  be  oxidized 
rapidly  to  benzoic  acid  when  exposed  to  air,  and 
thus,  administration  in  diet  mixtures  was  not 
considered  appropriate.  The  benzaldehyde  used 
in  these  studies  was  at  least  99%  pure;  less  than 
0.5%  benzoic  acid  was  present. 

The  major  chemically  related  lesions  observed  in 
the  13-week  studies  in  male  and  female  rats 
were  focal  degeneration  and  necrosis  of  neurons 
in  the  granular  cell  layer  of  the  cerebellum,  ne- 
crosis of  neurons  in  the  hippocampus,  degenera- 
tion and  necrosis  of  hepatocytes  and  of  the  epi- 
thelial cells  in  the  proximal  convoluted  tubules 
of  the  kidney,  and  hyperplasia  and  hyperkerato- 
sis of  the  stratified  squamous  epithelium  of  the 
forestomach  (Kluwe  et  al.,  1983).  These  lesions 
were  observed  only  in  animals  given  800  mg/kg. 
In  the  2-year  studies  of  benzaldehyde,  no  clearly 
chemically  related  lesions  were  observed  at  these 
sites  in  rats  given  400  mg/kg  for  up  to  2 years. 
However,  uncommonly  occurring  squamous  cell 
papillomas  were  observed  in  the  forestomach  of 
two  high  dose  female  rats;  the  highest  incidence 
of  forestomach  papillomas  observed  in  a single 
group  of  historical  corn  oil  vehicle  control  female 
F344/N  rats  at  the  study  laboratory  is  1/50 
(mean,  0.7%)  and  at  any  National  Toxicology 
Program  (NTP)  laboratory  is  2/49  (mean,  0.4%). 
Because  squamous  cell  papillomas  of  the  fore- 
stomach were  seen  in  only  two  female  rats  in  the 
high  dose  group  and  because  there  was  a lack  of 
supporting  hyperplasia,  these  papillomas  were 
not  considered  to  be  due  to  the  administration  of 
benzaldehyde. 


There  were  significant  increases  in  the  inci- 
dences of  pancreatic  acinar  cell  hyperplasia  and/ 
or  adenomas  in  male  rats  at  the  high  dose;  the 
dose-related  trend  was  also  significant.  How- 
ever, unpublished  results  from  NTP  studies  dem- 
onstrate that  pancreatic  acinal  cell  adenomas 
found  in  rats  gavaged  with  corn  oil  do  not  trans- 
plant and,  therefore,  are  not  autonomous  neo- 
plasms. Based  on  the  nontransplantability  of 
the  tumors,  the  variable  and  high  incidence  of 
these  tumors  observed  in  the  vehicle  controls  at 
the  study  laboratory,  and  the  marginal  increase 
in  the  incidence  of  adenomas  only  at  the  high 
dose  (an  incidence  that  was  within  the  historical 
range),  the  observed  incidences  of  pancreatic  aci- 
nar cell  tumors  and  hyperplasia  were  not  con- 
sidered as  evidence  of  carcinogenic  activity  for 
benzaldehyde. 

Chemically  related  lesions  in  the  kidney  of  male 
mice  given  1,200  mg/kg  benzaldehyde  for  13 
weeks  were  similar  to  those  observed  in  male 
and  female  rats.  Lesions  in  the  brain,  forestom- 
ach, or  liver  were  not  seen  in  male  or  female 
mice,  and  lesions  in  the  kidney  were  not  seen  in 
female  mice.  In  the  2-year  studies  in  mice,  le- 
sions considered  to  be  related  to  benzaldehyde 
were  observed  only  in  the  forestomach,  where 
there  were  dose-related  increased  incidences  of 
focal  hyperplasia  in  males  and  females  and  a 
dose-related  increased  incidence  of  uncommonly 
occurring  squamous  cell  papillomas  in  females. 
The  incidences  of  squamous  cell  papillomas  in 
low  dose  (5/50)  and  high  dose  (6/50)  female  mice 
were  significant,  compared  with  none  in  vehicle 
controls;  the  incidence  in  the  high  dose  group 
slightly  exceeded  the  highest  incidence  of  fore- 
stomach neoplasms  observed  in  corn  oil  vehicle 
control  female  B6C3Fi  mice  in  NTP  studies 
(5/44,  11%),  and  the  incidences  in  both  dosed 
groups  were  substantially  above  the  background 
incidence  in  NTP  studies  (1.6%).  Although  the 
incidence  of  forestomach  papillomas  in  the  high 
dose  group  of  male  mice  (5/50)  was  not  signifi- 
cantly greater  than  that  in  the  vehicle  control 
group  (1/50),  it  exceeded  the  highest  historical 
incidence  of  forestomach  squamous  cell  neo- 
plasms either  in  studies  at  this  laboratory  (4/49, 
8%)  or  in  any  other  NTP  study  in  which  male 
B6C3Fi  mice  were  administered  corn  oil  by  ga- 
vage (4/46,  9%)  and  was  substantially  above  the 
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mean  historical  incidence  (1.9%).  The  increases 
in  papillomas  in  the  forestomach  of  both  male 
and  female  mice,  as  well  as  the  concomitant  in- 
crease in  hyperplasia,  are  considered  to  be  due  to 
administration  of  benzaldehyde.  The  etiology  of 
squamous  cell  papillomas  in  the  forestomach 
and  their  progression  are  not  specifically  known. 
The  role  of  chronic  irritation  in  this  process  is 
uncertain.  There  was  no  clear  histologic  evi- 
dence of  progression  from  hyperplasia  to  malig- 
nancy in  these  studies. 

Although  little  is  known  concerning  the  poten- 
tial for  forestomach  papillomas  to  regress  or  pro- 
gress to  malignant  neoplasms,  the  forestomach 
epithelium  is  a stratified  squamous  epithelium 
like  that  of  the  skin,  and  squamous  cell  papillo- 
mas of  the  forestomach  are  morphologically  sim- 
ilar to  those  of  the  skin  (Odashima,  1979).  In  the 
two-stage  model  of  skin  carcinogenesis  in  which 
one  application  of  an  initiator  is  followed  by  re- 
peated applications  of  a promoter,  a preponder- 
ance of  papillomas  is  induced  and  90%-95%  of 
these  have  been  shown  to  regress  (Burns  et  al., 
1976a, b;  Colburn,  1980).  The  skin  tumor  pro- 
moter 12-0-tetradecanoyl  phorbol-13-acetate 
(TPA)  has  been  considered  capable  of  "enhanc- 
ing” skin  carcinogenesis  initiated  by  other  chem- 
icals and  was  thought  to  need  continuous  appli- 
cation or  the  tumors  would  regress.  Studies  of 
the  induction  and  regression  kinetics  of  papillo- 
mas suggest  that  there  may  be  two  populations 
of  papillomas:  a large  population  that  regresses 
after  cessation  of  chemical  application  (condi- 
tional or  promoter-dependent  papillomas)  and  a 
much  smaller  population  of  autonomous  papillo- 
mas that  persist  (Burns  et  al.,  1976a, b).  At  pres- 
ent, it  is  unknown  whether  autonomous  papillo- 
mas arise  directly  from  conditional  papillomas 
in  a sequential  series  of  events  beginning  with  a 
single  cell  or  whether  they  arise  from  different 
populations  of  cells  (Chu  et  al.,  1987). 

In  initiation-promotion  studies  (reviewed  by 
Hennings  et  al.,  1983),  more  than  90%  of  the 
squamous  cell  carcinomas  develop  from  papillo- 
mas, but  the  conversion  rate  is  reported  to  be 
low.  Other  studies  on  the  population  kinetics  of 


papillomas  of  the  skin  indicate  that  promoters 
generally  do  not  increase  the  conversion  rate  of 
papillomas  to  carcinomas,  whereas  initiators  do. 
Repeated  applications  of  initiators  induce  pri- 
marily squamous  cell  carcinomas  with  few  papil- 
lomas. These  studies  suggest  that  further  ge- 
netic changes  to  cells  within  a papilloma  are 
required  for  the  development  of  malignant 
neoplasms. 

Squamous  cell  papillomas  of  the  forestomach  are 
considered  neoplasms,  albeit  benign.  The  in- 
creased incidences  of  these  neoplasms  induced 
by  benzaldehyde  might  be  considered  as  marked 
in  female  mice  because  of  the  significant  in- 
creases at  both  dose  levels  and  the  significant 
dose-related  trend.  In  male  mice,  the  increase 
might  be  considered  marked  because  the  inci- 
dence in  the  high  dose  group  was  substantially 
greater  than  the  mean  historical  incidence  and 
exceeded  the  highest  incidence  at  this  laboratory 
or  in  any  other  NTP  study.  Although  mice  of 
each  sex  exhibited  attendant  increases  in  hyper- 
plasia, there  was  a total  absence  of  squamous 
cell  carcinomas  in  both  males  and  females.  Of 
the  seven  other  NTP  chemicals  that  have  been 
found  to  induce  forestomach  neoplasms  in  mice 
when  administered  by  corn  oil  by  gavage  (Table 
15),  none  has  produced  only  squamous  cell  papil- 
lomas in  both  males  and  females.  Thus,  due  to 
the  lack  of  evidence  for  progression  to  malignan- 
cy, what  may  have  appeared  to  be  clear  evidence 
of  carcinogenic  activity  in  mice  exposed  to  benzal- 
dehyde was  considered  as  some  evidence  at  best. 

Of  the  eight  NTP  chemicals  shown  to  induce 
forestomach  neoplasms  in  B6C3Fi  mice  when 
administered  in  corn  oil  by  gavage,  six  are  muta- 
genic in  the  majority  of  genotoxicity  tests  (Table 
16;  benzaldehyde  and  benzyl  acetate  are  the  ex- 
ceptions) and  all  caused  increases  in  the  inci- 
dence of  nonneoplastic  (hyperplasia)  and  neo- 
plastic (papillomas  or  carcinomas)  lesions  of  the 
forestomach  in  mice  of  each  sex.  Of  the  chemi- 
cals listed,  only  two  (benzyl  acetate  and  dimeth- 
ylvinyl  chloride)  induced  neoplasms  at  other 
sites  in  mice;  several  induced  neoplasms  at  other 
sites  in  rats. 
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TABLE  15.  INCIDENCES  OF  FORESTOMACH  SQUAMOUS  CELL  NEOPLASMS  IN  B6C3Fi  MICE  GIVEN 
VARIOUS  CHEMICALS  IN  CORN  OIL  BY  GAVAGE  FOR  UP  TO  TWO  YEARS 


Male 

Female 

Study  Dose  Papilloma 

(mg/kg) 

Carcinoma 

Dose 

(mg/kg) 

Papilloma 

Carcinoma 

Reference 

1 ,2-Dibromo-3-chloropropane 

0 

0/20 

0/20 

0 

0/20 

0/20 

NCI,  1978 

80-130 

0/46 

43/46 

60-130 

0/50 

50/50 

(TR28) 

160-260 

0/49 

47/49 

120-260 

0/48 

47/48 

Benzyl  acetate 

0 

3/49 

1/49 

0 

0/50 

0/50 

NTP,  1986a 

500 

3/48 

1/48 

500 

0/50 

0/50 

(TR250) 

1,000 

9/49 

2/49 

1,000 

4/48 

0/48 

Diglycidyl  resorcinol  ether 

0 

0/47 

0/47 

0 

0/47 

0/47 

NTP.  1986b 

50 

4/49 

14/49 

50 

5/49 

12/49 

(TR257) 

100 

10/50 

25/50 

100 

10/49 

23/49 

Ethyl  acrylate 

0 

0/48 

0/48 

0 

1/50 

0/50 

NTP,  1986c 

100 

4/47 

2/47 

100 

4/49 

1/49 

(TR  259) 

200 

9/50 

5/50 

200 

5/48 

2/48 

3-Chloro-2-methylpropene 

0 

3/49 

0/49 

0 

0/50 

0/50 

NTP,  1986d 

100 

19/49 

5/49 

100 

15/48 

1/48 

(TR300) 

200 

30/49 

7/49 

200 

29/44 

2/44 

Dichlorvos 

0 

1/50 

0/50 

0 

5/49 

0/49 

NTP,  1989b 

10 

1/50 

0/50 

20 

6/49 

0/49 

(TR342) 

20 

9/50 

0/50 

40 

18/50 

2/50 

Dimethylvinyl  chloride 

0 

0/48 

1/48 

0 

0/50 

0/50 

NTP,  1986e 

100 

42/47 

3/47 

100 

1/47 

40/47 

(TR316) 

200 

35/44 

8/44 

200 

3/43 

36/43 

Benzaldehyde 

0 

1/50 

0/50 

0 

0/50 

0/50 

Current  studies 

200 

2/50 

0/50 

300 

5/50 

0/50 

400 

5/50 

0/50 

600 

6/50 

0/50 
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TAHLK  16.  GENETIC  TOXICITY  OF  VARIOUS  CHEMICALS  THAT  INDUCE  FORESTOMACH 

NEOPLASMS  IN  B6C3Fi  MICE  AFTER  ADMINISTRATION  IN  CORN  OIL  BY  GAVAGE  FOR 

UP  TO  TWO  YEARS 


Drosoohila 

Mouse 

In  Vitro  Cytogenetics 

Sex-linked 

Reciprocal 

Study  Salmonella 

Lymphoma 

SCE 

Aberration 

Rec.  Lethals 

Translocation 

1,2  Dibromo-3-chloropropane 
+ 

+ 

+ 

+ 

-1- 

Benzyl  acetate 

+ 

— 

— 

On  test 

On  test 

Diglycidyl  resorcinol  ether 
+ 

+ 

+ 

-1- 

+ 

+ 

Ethyl  acrylate 

-1- 

+ 

+ 

- 

— 

3-Chloro-2-methylpropene 

+ 

+ 

+ 

On  test 

On  test 

Dichlorvos 

+ 

+ 

-1- 

-1- 

Dimethylvinyl  chloride 

+ 

+ 

+ 

— 

+ 

-1- 

Benzaldehyde 

-1- 

-1- 

- 

- 

The  experimental  and  tabulated  data  for  the 
NTP  Technical  Report  on  benzaldehyde  were  ex- 
amined for  accuracy,  consistency,  completeness, 
and  compliance  with  Good  Laboratory  Practice 
regulations.  As  summarized  in  Appendix  I,  the 
audit  revealed  no  major  problems  with  the  con- 
duct of  the  studies  or  with  collection  and  docu- 
mentation of  the  experimental  data.  No  discrep- 
ancies were  found  that  influenced  the  final 
interpretation  of  the  results  of  these  studies. 


Under  the  conditions  of  these  2-year  gavage 
studies,  there  was  no  evidence  of  carcinogenic  ac- 
tivity* of  benzaldehyde  for  male  or  female  F344/N 
rats  receiving  200  or  400  mg/kg  per  day.  There 
was  some  evidence  of  carcinogenic  activity  of  benz- 
aldehyde for  male  or  female  B6C3Fi  mice,  as 
indicated  by  increased  incidences  of  squamous 
cell  papillomas  and  hyperplasia  of  the  forestom- 
ach. Female  rats  and  male  and  female  mice 
might  have  been  able  to  tolerate  higher  doses. 


‘Explanation  of  Levels  of  Evidence  of  Carcinogenic  Activity  is  on  page  6. 

A summary  of  the  Peer  Review  comments  and  the  public  discussion  on  this  Technical  Report  appears  on  page  9. 
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TABLE  Al.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Animals  removed 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

ALIMENTARY  SYSTEM 

Esophagus 

(47) 

(50) 

(50) 

Alveolar/bronchiolar  carcinoma,  metastatic. 

lung 

1 (2%) 

Intestine  large,  cecum 

(49) 

(48) 

(47) 

Fibrosarcoma 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Intestine  small,  jejunum 

(49) 

(50) 

(48) 

Schwannoma  malignant 

1 (2%) 

Liver 

(50) 

(50) 

(50) 

Carcinoma,  metastatic,  uncertain  primary  site 

1 (2%) 

Fibrous  histiocytoma 

1 (2%) 

Hepatocellular  carcinoma 

1 (2%) 

Leukemia  mononuclear 

10  (20%) 

17  (34%) 

14  (28%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Neoplastic  nodule 

2 (4%) 

1 (2%) 

Mesentery 

*(50) 

*(50) 

♦(50) 

Carcinoma,  metastatic,  uncertain  primary  site 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Liposarcoma 

1 (2%) 

Mesothelioma  malignant 

5 (10%) 

2 (4%) 

Pancreas 

(49) 

(49) 

(48) 

Adenoma 

3 (6%) 

2 (4%) 

7 (15%) 

Leukemia  mononuclear 

2 (4%) 

3 (6%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Pharynx 

*(50) 

*(50) 

*(50) 

Papilloma  squamous 

1 (2%) 

Salivary  glands 

(50) 

(50) 

(49) 

Fibrosarcoma,  metastatic,  skin 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Stomach,  forestomach 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Stomach,  glandular 

(50) 

(50) 

(50) 

Carcinoma 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

2 (4%) 

3 (6%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Squamous  cell  carcinoma,  metastatic,  Zymbal 

gland 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(50) 

(50) 

(50) 

Adenoma 

1 (2%) 

1 (2%) 

1 (2%) 

Alveolar/bronchiolar  carcinoma,  metastatic. 

lung 

1 (2%) 

Carcinoma 

1 (2%) 

Leukemia  mononuclear 

6 (12%) 

4 (8%) 

4 (8%) 
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TABI.K  Al.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

END(X:RINE  SYSTEM  (Continued) 

Adrenal  gland,  medulla 

(49) 

(50) 

(49) 

Leukemia  mononuclear 

4 (8%) 

3 (6%) 

2 (4%) 

Pheochromocytoma  malignant 

2 (4%) 

5 (10%) 

5 (10%) 

Pheochromocytoma  benign 

14  (29%) 

16  (32%) 

13  (27%) 

Bilateral,  pheochromocytoma  benign 

3 (6%) 

3 (6%) 

1 (2%) 

Islets,  pancreatic 

(49) 

(48) 

(48) 

Adenoma 

4 (8%) 

8 (17%) 

1 (2%) 

Carcinoma 

1 (2%) 

1 (2%) 

1 (2%) 

Pituitary  gland 

(49) 

(50) 

(49) 

Adenoma 

15  (31%) 

22  (44%) 

11  (22%) 

Carcinoma 

3 (6%) 

3 (6%) 

Carcinoma,  metastatic,  preputial  gland 

1 (2%) 

Leukemia  mononuclear 

3 (6%) 

2 (4%) 

Thyroid  gland 

(50) 

(50) 

(49) 

C-cell,  adenoma 

4 (8%) 

8 (16%) 

7 (14%) 

C-cell,  carcinoma 

1 (2%) 

2 (4%) 

1 (2%) 

Follicular  cell,  adenoma 

2 (4%) 

1 (2%) 

GENERAL  BODY  SYSTEM 
None 

GENITAL  SYSTEM 

Preputial  gland 

(50) 

(50) 

(50) 

Adenoma 

1 

(2%) 

3 (6%) 

3 

(6%) 

Carcinoma 

1 

(2%) 

4 (8%) 

4 

(8%) 

Prostate 

(50) 

(50) 

(50) 

Alveolar/bronchiolar  carcinoma,  metastatic. 

lung 

1 

(2%) 

Carcinoma,  metastatic,  uncertain  primary  site 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 

(2%) 

Seminal  vesicle 

♦(50) 

♦(50) 

♦(50) 

Carcinoma,  metastatic,  uncertain  primary  site 

1 (2%) 

Testes 

(50) 

(50) 

(49) 

Bilateral,  interstitial  cell,  adenoma 

40 

(80%) 

38  (76%) 

24 

(49%) 

Interstitial  cell,  adenoma 

6 

(12%) 

9 (18%) 

7 

(14%) 

HEMATOPOIETIC  SYSTEM 

Blood 

♦(50) 

♦(50) 

♦(50) 

Leukemia  mononuclear 

1 (2%) 

Bone  marrow 

(50) 

(50) 

(50) 

Fibrous  histiocytoma 

1 (2%) 

Leukemia  mononuclear 

4 (8%) 

4 (8%) 

4 (8%) 

Lymph  node 

(50) 

(50) 

(50) 

Axillary,  lymphoma  malignant  lymphocytic 

1 (2%) 

Mediastinal,  leukemia  mononuclear 

3 (6%) 

1 (2%) 

1 (2%) 

Mediastinal,  mesothelioma  malignant. 

metastatic,  mesentery 

1 (2%) 

Pancreatic,  leukemia  mononuclear 

1 (2%) 

1 (2%) 

Renal,  lymphoma  malignant  lymphocytic 

1 (2%) 

Lymph  node,  mandibular 

(49) 

(48) 

(46) 

Carcinoma,  metastatic,  thyroid  gland 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

4 (8%) 

4 (8%) 

5 (11%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Lymph  node,  mesenteric 

(50) 

(49) 

(48) 

Leukemia  mononuclear 

3 (6%) 

4 (8%) 

4 (8%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 
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TABLE  Al.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

HEMATOPOIETIC  SYSTEM  (Continued) 

Spleen 

(50) 

(50) 

(50) 

Hemangiosarcoma 

1 (2%) 

Leiomyosarcoma 

1 (2%) 

Leukemia  mononuclear 

10  (20%) 

17  (34%) 

15  (30%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Schwannoma  malignant 

1 (2%) 

Thymus 

(47) 

(30) 

(49) 

Leukemia  mononuclear 

1 (3%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(47) 

(47) 

(44) 

Adenoma 

1 (2%) 

Carcinoma 

1 (2%) 

Fibroadenoma 

3 (6%) 

2 (4%) 

1 (2%) 

Skin 

(50) 

(49) 

(50) 

Basal  cell  carcinoma 

2 (4%) 

Keratoacanthoma 

1 (2%) 

4 (8%) 

Papilloma 

1 (2%) 

3 (6%) 

Sebaceous  gland,  carcinoma 

1 (2%) 

Subcutaneous  tissue,  fibroma 

5 (10%) 

3 (6%) 

3 (6%) 

Subcutaneous  tissue,  fibrosarcoma 

2 (4%) 

1 (2%) 

2 (4%) 

Subcutaneous  tissue,  fibrous  histiocytoma 

1 (2%) 

Subcutaneous  tissue,  lipoma 

1 (2%) 

Subcutaneous  tissue,  liposarcoma 

1 (2%) 

Subcutaneous  tissue,  myxosarcoma 

2 (4%) 

Subcutaneous  tissue,  sarcoma 

1 (2%) 

Subcutaneous  tissue,  schwannoma  benign 

1 (2%) 

Subcutaneous  tissue,  schwannoma  malignant 

1 (2%) 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Bone 

(50) 

(50) 

(50) 

Osteosarcoma 

1 (2%) 

Skeletal  muscle 

*(50) 

*(50) 

*(50) 

Alveolar/bronchiolar  carcinoma,  metastatic. 

lung 

1 (2%) 

Carcinoma,  metastatic,  thyroid  gland 

1 (2%) 

Hemangiosarcoma 

1 (2%) 

NERVOUS  SYSTEM 

Brain 

(50) 

(50) 

(50) 

Carcinoma,  metastatic,  preputial  gland 

1 (2%) 

Granular  cell  tumor  benign 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Sarcoma,  metastatic,  skin 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

(50) 

(50) 

Alveolar/bronchiolar  adenoma 

1 (2%) 

Alveolar/bronchiolar  carcinoma 

2 (4%) 

1 (2%) 

Carcinoma,  metastatic,  preputial  gland 

1 (2%) 

Carcinoma,  metastatic,  thyroid  gland 

1 (2%) 

1 (2%) 

Carcinoma,  metastatic,  uncertain  primary  site 

1 (2%) 

Benzaldehyde,  NTP  TR  378 
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TAHLK  Al.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

RESPIRATORY  SYSTEM 

Lung  (Continued) 

(50) 

(50) 

(50) 

l.eukemia  mononuclear 

7 (14%) 

6 (12%) 

8 (16%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Mesothelioma  malignant,  metastatic,  mesentery 
Squamous  cell  carcinoma,  metastatic,  Zymbal 

1 (2%) 

gland 

1 (2%) 

Nose 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

1 (2%) 

Trachea 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

SPECIAL  SENSES  SYSTEM 

Zymbal  gland 

"(50) 

"(50) 

"(50) 

Squamous  cell  carcinoma 

1 (2%) 

2 (4%) 

URINARY  SYSTEM 

Kidney 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

5 (10%) 

6 (12%i 

6 (12%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Urinary  bladder 

(49) 

(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

SYSTEMIC  LESIONS 

Multiple  organs 

"(50) 

"(50) 

"(50) 

Leukemia  mononuclear 

10  (20%) 

17  (34%) 

16  (32%) 

Mesothelioma  malignant 

5 (10%) 

2 (4%) 

Hemangiosarcoma 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

ANIMAL  DISPOSITION  SUMMARY 

Animals  initially  in  study 

50 

50 

50 

Terminal  sacrifice 

37 

29 

21 

Moribund 

10 

12 

17 

Dead 

3 

9 

12 

TUMOR  SUMMARY 

Total  animals  with  primary  neoplasms  ** 

50 

50 

42 

Total  primary  neoplasms 

133 

170 

133 

Total  animals  with  benign  neoplasms 

48 

49 

38 

Total  benign  neoplasms 

104 

121 

90 

Total  animals  w’ith  malignant  neoplasms 

24 

34 

33 

Total  malignant  neoplasms 

29 

49 

43 

Total  animals  with  secondary  neoplasms  *** 

3 

4 

4 

Total  secondary  neoplasms 

5 

12 

7 

Total  animals  with  malignant  neoplasms 
Uncertain  primary  site 

1 

* Number  of  animals  receiving  complete  necropsy  examination;  all  gross  lesions  including  masses  examined  microscopically. 

Primary  tumors:  all  tumors  except  secondary  tumors 
***  Secondary  tumors:  metastatic  tumors  or  tumors  invasive  into  an  adjacent  organ 


63 


Benzaldehyde,  NTP  TR  378 


TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE 

STUDY  OF  BENZALDEHYDE:  VEHICLE  CONTROL 


WEEKS  On 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

STUDY 

6 

7 

7 

8 

8 

8 

8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

3 

3 

4 

4 

5 

5 

6 

8 

0 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

CARCASS 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

~!y~ 

1T“ 

1T“ 

15“ 

15“ 

15“ 

ID 

6 

7 

0 

5 

8 

4 

8 

6 

5 

0 

3 

5 

9 

1 

1 

1 

1 

2 

2 

2 

2 

1 

2 

3 

3 

L 

1 

1 

1 

1 

1 

2 

2 

2 

2 

1 

3 

1 

1 

2 

3 

4 

2 

3 

4 

5 

5 

1 

2 

3 

ALIMENTARY  SYSTEM 

Esopha^s 

Alveolar/bronchiolar  carcinoma. 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

metastatic,  lung 
Intestine  large 

+ 

+ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  large,  cecum 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Fibrosarcoma 
Intestine  large,  colon 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

■f 

4- 

4- 

4- 

4- 

Intestine  large,  rectum 

+ 

-f 

+ 

4- 

4- 

4- 

-f 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  small 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  small,  duodenum 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  small,  ileum 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

-1- 

4- 

4- 

4- 

4- 

4- 

+ 

Intestine  small,  jejunum 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-4- 

4- 

4- 

4- 

4- 

4- 

Schwannoma  malignant 

X 

Liver 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 
Neoplastic  nodule 

X 

X 

X 

X 

X 

Mesentery 

4- 

■4- 

4- 

Liposarcoma 

X 

Pancreas 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Adenoma 

Leukemia  mononuclear 

X 

Salivary  glands 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Fibrosarcoma,  metastatic,  skin 

X 

Stomach 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4“ 

4- 

4- 

4- 

-i- 

4- 

4- 

4- 

4- 

Stomach,  forestomach 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-t- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Stomach,  glandular 

+ 

4- 

4- 

4- 

4“ 

4“ 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Tongue 

4- 

CARDIOVASCULAR  SYSTEM 
Heart 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

Leukemia  mononuclear 

ENDOCRINE  SYSTEM 

Adrenal  gland 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

Adrenal  gland,  cortex 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Adenoma 

Alveolar/bronchiolar  carcinoma. 

X 

metastatic,  lung 
Leukemia  mononuclear 

X 

X 

X 

Adrenal  gland,  medulla 

+ 

4- 

4- 

4- 

4- 

-h 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4“ 

4- 

+ 

4- 

4- 

Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochromocytoma  benign 

X 

X 

X 

X 

X 

X 

X 

X 

Bilateral,  pheochromocytoma  benign 

X 

Islets,  pancreatic 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

-w 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

Adenoma 

Carcinoma 

X 

X 

Parathyroid  gland 

+ 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Pituitarv  gland 

4“ 

4- 

4* 

-r 

4* 

+ 

4- 

4- 

t- 

4- 

4- 

4- 

4- 

4- 

+- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Adenoma 

Carcinoma 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Leukemia  mononuclear 

X 

Thyroid  gland 

4- 

■h 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-t- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

C-cell,  adenoma 
C-cell,  carcinoma 

X 

GENERAL  fiODY  SYSTEM 

None 

Tissue  examined  microscopically 
Not  examined 

Present  but  not  examined  microscopically 
Insufficient  tissue 


M:  Missing 

A:  Autolysis  precludes  examination 

X:  Incidence  of  listed  morphology 


Benzaldehyde,  NTP  TR  378 
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TAHl.K  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

STUDY 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TOTAL; 

CARCASS 

U 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

TISSUES 

ID 

3 

3 

4 

4 

4 

4 

5 

5 

6 

6 

7 

8 

9 

6 

7 

7 

7 

8 

8 

9 

9 

9 

0 

0 

0 

TUMORS 

4 

5 

2 

3 

4 

5 

4 

5 

3 

4 

2 

3 

2 

5 

3 

4 

5 

4 

5 

3 

4 

5 

3 

4 

5 

+ 

+ 

4- 

M 

4- 

4- 

+ 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

47 

Alvaorar/bronchiolar  carcinoma, 

matatlatic,  lung 

X 

1 

Intattin*  largi* 

+ 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

InUttine  largn.  cecum 

+ 

4- 

4- 

4- 

4- 

4- 

M 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Fibroaarcoma 

X 

L 

Intattine  large,  colon 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

InUUine  large,  rectum 

+ 

+ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

InUUine  small 

+ 

+ 

4- 

4- 

f 

4- 

4- 

■*' 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

50 

Intaitine  small,  duodenum 

+ 

+ 

4- 

f 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

Intestine  small,  ileum 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

48 

Intestine  small,  jejunum 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

t- 

4- 

4- 

4- 

4- 

4- 

49 

Schwannoma  malignant 

1 

Liver 

4- 

4- 

4- 

4- 

r 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

50 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

X 

LO 

Neoplastic  nodule 

X 

2 

Mesentery 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

16 

Lipo  sarcoma 

1 

Pancreas 

+ 

4- 

4- 

4- 

4- 

M 

+■ 

f- 

4- 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

f 

4- 

4- 

49 

Adenoma 

X 

X 

X 

3 

Leukemia  mononuclear 

X 

2 

Salivary  glands 

-r 

4- 

-r- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

i- 

4- 

4“ 

4- 

4- 

4- 

4- 

50 

Fibrosarcoma,  metastatic,  skin 

i 

Stomach 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Stomach,  forestomach 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

f 

4- 

4- 

4- 

4- 

50 

Stomach,  glandular 

4- 

4- 

4- 

4- 

4- 

-r 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

50 

Tongue 

1 

CARDIOVASCULAR  SYSTEM 

Heart 

+ 

+ 

4- 

4- 

4“ 

■h 

-r 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Leukemia  mononuclear 

X 

X 

2 

ENDOCRINE  SYSTEM 

Adrenal  gland 

+ 

+ 

+ 

4- 

-t- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Adrenal  gland,  cortex 

+ 

4- 

+ 

4- 

-T- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Adenoma 

1 

Alveolarbronchiolar  carcinoma, 

metastatic,  lung 

1 

Leukemia  mononuclear 

X 

X 

X 

X 

6 

Adrenal  gland,  medulla 

4- 

4- 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

49 

Leukemia  mononuclear 

X 

X 

X 

4 

Pheochromocytoma  malignant 

2 

Pheochromocytoma  benign 

X 

X 

X 

X 

X 

X 

X 

X 

X 

14 

Bilateral,  pheochromocytoma  benign 

X 

X 

3 

Islets,  pancreatic 

+ 

+ 

4- 

4* 

4- 

M 

4- 

4* 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

49 

Adenoma 

X 

X 

4 

Carcinoma 

X 

1 

Parathyroid  gland 

+ 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

Pituitary  gland 

+- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

I 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Adenoma 

X 

X 

X 

X 

X 

X 

X 

15 

Carcinoma 

X 

X 

3 

Leukemia  mononuclear 

X 

X 

3 

Thyroid  gland 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

-t- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

4“ 

+ 

4- 

4- 

50 

C cell,  adenoma 

X 

X 

X 

X 

4 

C-cell,  carcinoma 

1 

GENERAL  BODY  SYSTEM 

None 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  VEHICLE  CONTROL 

(Continued) 


WEEKS  On 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

STUDY 

6 

7 

7 

8 

8 

8 

8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

3 

3 

4 

4 

5 

5 

6 

8 

0 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

CARCASS 

ir~ 

IT” 

1~ 

1T“ 

1T“ 

1T“ 

1T“ 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ID 

6 

7 

0 

5 

8 

4 

8 

6 

5 

0 

3 

5 

9 

L 

1 

1 

1 

2 

2 

2 

2 

1 

2 

3 

3 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

1 

3 

1 

I 

2 

3 

4 

2 

3 

4 

5 

5 

I 

2 

3 

GEN7TAL  SYSTEM 

Epididymis 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Preputial  gland 
Aaenoma 

+ 

+ 

4- 

4- 

+ 

X 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Carcinoma 

X 

Prostate 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Alveolar/bronchiolar  carcinoma, 

metastatic,  lung 

X 

Testes 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4“ 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

HEMATOPOIETIC  SYSTEM 

Blood 

Leukemia  mononuclear 
Bone  marrow 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Leukemia  mononuclear 

X 

Lymph  node 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

Mediastinal,  leukemia  mononuclear 

X 

Lymph  node,  mandibular 

+ 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Leukemia  mononuclear 

X 

Lymph  node,  mesentenc 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

f 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Leukemia  mononuclear 

X 

X 

Spleen 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Leiomyosarcoma 

X 

Leukemia  mononuclear 

X 

X 

X 

X 

Thymus 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

I 

4- 

4- 

M 

4 

4 

4 

4 

4 

4 

4 

4 

INTEGUMENTARY  SYSTEM 
Mammarv  gland 

-1- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4 

4 

4 

4 

4 

4 

4 

M 

Carcinoma 

Fibroadenoma 

X 

X 

Skin 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-t- 

4- 

4- 

4- 

+ 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

+■ 

Keratoacanthoraa 
Subcutaneous  tissue,  fibroma 

X 

X 

X 

Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  schwannoma 
benign 

Subcutaneous  tissue,  schwannoma 

X 

X 

X 

malignant 

MUSCULOSKELETAL  SYSTEM 

Bone 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Skeletal  muscle 

4- 

Alveolar/bronchiolar  carcinoma, 

metastatic,  lung 

X 

NERVOUS  SYSTEM 

Brain 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Granular  cell  tumor  benign 
Leukemia  mononuclear 

X 

Penpheral  nerve 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

I 

4 

4 

4 

4 

4 

4 

Spinal  cord 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Respiratory  system 

Lung 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Alveolar/bronchiolar  carcinoma 
Leukemia  mononuclear 

X 

X 

X 

Nose 

4- 

4- 

4- 

4- 

4- 

4“ 

4" 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Trachea 

4- 

+ 

4- 

4- 

■f 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

SPECIAL  SENSES  SYSTEM 
Ear 

M 

Eye 

4- 

4* 

4- 

4- 

4- 

4- 

4 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

-r 

4 

Zymbal  gland 

4- 

Squamous  cell  carcinoma 

X 

URINARY  SYSTEM 

Kidney 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Leukemia  mononuclear 

X 

Unnary  bladder 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+- 

4- 

4- 

4 

4 

4 

4 

+- 

4 

4 
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TAIU.K  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 

1 

1 

i 

1 

1 

1 

1 

1 

1 

I 

i 

i 

i 

1 

1 

1 

1 

1 

1 

1 

1 

L 

1 

1 

1 

STUDY 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TOTAL: 

CARCASS 

0 

"IT" 

"IT" 

"IT" 

"TT“ 

IT" 

IT" 

1T" 

~!T~ 

“!T“ 

~!T~ 

1T“ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

TISSUES 

ID 

3 

3 

4 

4 

4 

4 

5 

5 

6 

6 

7 

8 

9 

6 

7 

7 

7 

8 

8 

9 

9 

9 

0 

0 

0 

TUMORS 

4 

5 

2 

3 

4 

5 

4 

5 

3 

4 

2 

3 

2 

5 

3 

4 

5 

4 

5 

3 

4 

5 

3 

4 

5 

CEKITAL  SYSTEM' 

Epidwlymii 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4 

4 

4 

49 

Pr«putial  gland 

+ 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

50 

Ad«noma 

1 

Carcinoma 

1 

ProtlaU 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-f- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4 

4 

4 

50 

Alvtolar/bronchiolar  carcinoma, 

metastatic,  lung 

1 

Testes 

+■ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

50 

Bilateral,  interstitial  cel),  adenoma 

,X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

40 

Interstitial  cell,  adenoma 

X 

X 

X 

6 

Blood 

1 

Leukemia  mononuclear 

X 

1 

Bone  marrow 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

d- 

4- 

4- 

4- 

-t- 

4- 

4- 

4- 

4“ 

- 

4- 

4 

4 

4 

50 

Leukemia  mononuclear 

X 

X 

X 

4 

Lymph  node 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+■ 

4- 

4- 

-r 

4- 

4- 

4- 

T 

4- 

4- 

-4 

4 

4 

4 

4 

50 

Mediastinal,  leukemia  mononuclear 

X 

X 

3 

Lvmph  node,  mandibular 

4- 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

+■ 

4- 

4- 

-r 

-i- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

49 

Leukemia  mononuclear 

X 

X 

X 

4 

Lymph  node,  mesentenc 

4- 

4- 

4- 

4- 

4- 

f 

4- 

+ 

4- 

4- 

4- 

f- 

4- 

4- 

i- 

4- 

4- 

+■ 

4- 

f 

4 

4 

4 

4 

4 

50 

Leukemia  mononuclear 

X 

3 

Spleen 

+■ 

4- 

+ 

f 

4- 

4- 

+ 

4- 

4- 

4- 

-I- 

4- 

4- 

4- 

-h 

4- 

4- 

4- 

■H 

4- 

4- 

4 

4 

4 

4 

50 

Leiomyosarcoma 

I 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

X 

10 

Thymus 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4 

4 

4 

4 

47 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

+ 

+ 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

M 

47 

Carcinoma 

1 

Fibroadenoma 

X 

X 

3 

Skin 

+ 

+ 

T 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

-t- 

4 

4 

50 

Keratoacanthoma 

X 

1 

Subcutaneous  tissue,  fibroma 

X 

X 

5 

Subcutaneous  tissue,  fibrosarcoma 

2 

Subcutaneous  tissue,  schwannoma 

benign 

1 

Subcutaneous  tissue,  schwannoma 

malignant 

X 

1 

MTTSCULOSKELETAL  SYSTEM 

Bone 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4 

4 

4 

4 

50 

Skeletal  muscle 

1 

Alveolar/bronchiolar  carcinoma. 

metastatic,  lung 

1 

NERVOUS  SYSTEM 

Brain 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

50 

Granular  cell  tumor  benign 

X 

1 

Leukemia  mononuclear 

1 

Penpheral  nerve 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-r 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

49 

Spinal  cord 

+ 

4- 

4- 

4- 

4* 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

50 

RESPIRATORY"  SYSTEM 

Lung 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

■i- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

50 

Alveolar/bronchiolar  carcinoma 

X 

2 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

7 

Nose 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-i- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

-t- 

4 

4 

50 

Trachea 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

50 

SPECIAL  SENSES  SYSTEM 

Ear 

Eye 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+■ 

4- 

4- 

4- 

4- 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE 

STUDY  OF  BENZALDEHYDE:  200  mg/kg 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  200  mg/kg 

(Continued) 


WEEKS' OK 

STUDY 


CARCASS 

ID 


AUMENTWIY  SYSTEM 

Etoptufus 
IoU»lio«  Urs* 

IfiUftiot  vjrgv.  c«cum 
L«uiLtmiA  moQOQuclear 
InUUm*  Ur^.  colon 
loudmo  Urg«.  rectum 
loUttine  tmall 
lDle«tine  smalU duodenum 
Intectine  »maiU  lieum 
InUUine  small.  ;ejunum 
Liver 

Camnoma.  metastatic,  uncertain 
pnmary  site 
Fibrous  histiocytoma 
Hepatoreiiular  carcinoma 
Leukemia  mononuclear 
Mesentery 

Camnoma.  metastatic,  uncertain 
pnmary  sue 
Leukemia  monooudear 
.Mesothelioma  maii^.ant 
Pancreas 
Adenoma 

Leukemia  mononuclear 
Salivary  giands 
Leukemia  mononuclear 
Stomach 

Stomach,  forestomach 
Leukemia  mononuclear 
Stomach,  g.andular 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 
Heart 

Leukemia  mononuclear 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 

Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  maagnant 
Pheochromocytoma  benign 
Bilateral,  pheocbromocytoma  benign 
Islets,  pancreatic 
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Parathyroid  gland 
Pituitary  gland 
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Seminal  vesicle 

Camnoma.  metastatic,  uncertain 
pnmary  site 
Testes 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  200  mg/kg 

(Continued) 


WEEKS  On 
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4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

* 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

URINARY  SYSTEM 

Kidney 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 

X 

X 

Urinary  bladder 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

■f 

4- 

4- 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  200  mg/kg 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


HEUATOPOIETIf  SYSTEM 

Bon*  marrow 
Fibrous  histiocytoma 
Laukamia  mononuciaar 
Lvmpb  nod* 

M*diaUinal.  Uukamia  mononuclear 
Paocr*atic.  i*uk*mia  mononuclear 
Lymph  nod*,  mandibular 
Camnoma.  matasutic.  thyroid  gland 
Laukamia  mononuclear 
Lymph  nod*.  m*sentenc 
Leuk*mia  mononuclear 
Spleen 

H • ma  n gi  o ta  rco  ma 
Leukemia  mononuclear 
Schwannoma  malignant 
Thymus 

Leukemia  mononuclear 

rNTECUMENTARY  SYSTEM 

Mammary  gland 
Adenoma 
F ibroadenoma 
Skin 

Basal  cell  camnoma 
Papilloma 

Sebaceous  gland,  camnoma 
Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  lipoma 
Subcutaneous  tissue,  liposarcoma 
Subcutaneous  tissue,  myxosarcoma 
Subcutaneous  tissue,  sarcoma 
Subcutaneous  tissue,  schwannoma 
malignant 

MUSCULOSKELETAL  SYSTEM 

Bone 

Skeletal  muscle 

Camnoma.  metastatic,  thyroid  gland 

NERVOUS  SYSTEM 

Brain 

Camnoma.  metastatic,  preputial  gland 
Sarcoma,  metastatic,  skin 
Penpheral  nerve 
Spinal  cord 

RESPIRATORY  SYSTEM 
Lung 

AWeolar/bronchiolar  adenoma 
Alveolar'bronchiolar  camnoma 
Camnoma.  metastatic,  preputial  gland 
Camnoma.  metastatic,  thyroid  gland 
Camnoma.  metastatic,  uncertain 
primary  site 
Leukemia  mononuclear 
Nose 

Leukemia  mononuclear 
Trachea 

SPECIAL  SENSES  SYSTEM 

Eye 

URINARY  SYSTEM 
Kidney 

Leukemia  mononuclear 
Unnary  bladder 


1 

1 

1 

L 

i 

1 

1 

i 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TOTAI,; 

'i 

'2 

'2 

2 

'i 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

ii 

y 

3 

3 

TISSUES 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

7 

8 

8 

9 

9 

0 

0 

0 

0 

TUMORS 

3 

4 

5 

2 

3 

4 

5 

3 

4 

5 

3 

4 

5 

2 

3 

4 

5 

4 

5 

4 

5 

2 

3 

4 

5 

+ 

+ 

+ 

4« 

4- 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

1 

X 

X 

4 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

1 

1 

4* 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

-f 

4" 

4- 

M 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

48 

1 

X 

4 

+ 

-r- 

- 

4- 

-r 

4- 

-- 

4- 

4- 

4- 

4- 

f- 

4- 

4- 

4- 

•*- 

4 

+ 

+ 

49 

X 

X 

4 

+ 

t- 

+ 

t- 

4- 

-r- 

-J- 

■4 

— 

- 

-t- 

— 

- 

-r 

4- 

4- 

4- 

4- 

4- 

4- 

50 

X 

1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

L7 

1 

M 

M 

M 

M 

4- 

M 

4- 

4- 

M 

M 

- 

M 

M 

4- 

4. 

M 

4- 

4“ 

4- 

4 

4- 

+ 

30 

1 

+ 

M 

+■ 

M 

4- 

4- 

4- 

4- 

_ 

4- 

4- 

4- 

4- 

47 

1 

X 

2 

+ 

+■ 

■i- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-i- 

M 

4. 

4- 

4- 

4- 

49 

X 

X 

2 

1 

1 

X 

3 

1 

X 

1 

1 

j 

X 

1 

2 

1 

1 

+ 

4. 

4- 

4- 

+ 

4- 

4- 

+ 

4- 

4- 

4“ 

+ 

+ 

4- 

4“ 

+ 

+ 

50 

+ 

4 

L 

+ 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

■4 

4- 

50 

X 

1 

1 

-I- 

4- 

4- 

4“ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

T- 

4- 

4* 

4- 

+ 

49 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

1 -r 

f 

+■ 

+ 

4- 

4- 

4- 

4- 

j. 

4- 

4- 

4- 

4- 

4- 

4“ 

4“ 

4- 

4- 

50 

X 

1 

X 

1 

1 

X 

1 

1 

1 

1 

X 

X 

X 

6 

+ 

-f 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

— 

4. 

4- 

4- 

4- 

4- 

4- 

4- 

-f 

4- 

4- 

4- 

+ 

4- 

50 

X 

1 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

4- 

4- 

+ 

4- 

50 

- 

- 

+ 

- 

- 

- 

4- 

+ 

- 

- 

4- 

- 

4- 

4- 

4- 

4- 

- 

+ 

+ 

4- 

*■ 

- 

50 

4- 

j. 

4- 

4. 

4- 

4- 

4- 

4- 

4* 

50 

X 

X 

X 

X 

6 

+ 

+ 

4- 

4- 

4- 

**■ 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

50 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE 

STUDY  OF  BENZALDEHYDE:  400  mg/kg 


WEEKS  ON 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

STUDY 

2 

2 

3 

4 

5 

5 

5 

5 

6 

6 

7 

7 

7 

8 

8 

8 

8 

8 

8 

8 

9 

9 

9 

0 

0 

2 

9 

8 

3 

4 

4 

4 

6 

1 

4 

2 

3 

4 

0 

0 

0 

2 

4 

5 

7 

0 

8 

8 

0 

1 

CAHCASS 

2 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ID 

0 

5 

6 

1 

9 

0 

9 

2 

3 

9 

5 

3 

8 

1 

2 

9 

4 

7 

4 

3 

5 

3 

3 

7 

6 

1 

4 

1 

1 

1 

2 

2 

1 

1 

3 

1 

2 

1 

2 

2 

4 

1 

1 

2 

3 

2 

4 

5 

2 

2 

ALIMENTARY  SYSTEM 
Esophagus 

■f 

4- 

+ 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestiue  brge 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

lotestine  large,  cecum 

A 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  large,  colon 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

-h 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  large,  rectum 

A 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4 

4 

4 

4 

4 

4 

M 

Intestine  small 

A 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  small,  duodenum 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  small,  ileum 

A 

4* 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

M 

4 

4 

4 

A 

4 

4 

4 

4 

4 

M 

4 

4 

Intestine  small,  jejunum 

A 

4- 

4- 

4- 

-h 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4 

4 

4 

4 

4 

4 

Liver 

+■ 

— 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4- 

-4- 

-h 

-t- 

4 

4 

-i- 

4 

4 

4 

4 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

Lymphoma  malignant  lymphocytic 
Neoplastic  nodule 

X 

Mesentery 

4- 

4 

4 

Mesothelioma  malignant 

X 

Pancreas 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

-h 

4 

4 

A 

4 

4 

4 

T 

4 

4 

4 

4 

Adenoma 

Lymphoma  malignant  lymphocytic 

X 

X 

Pharynx 

Papilloma  souamous 
Salivary  glands 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

Fibrosarcoma,  metastatic,  skin 
Lymphoma  malignant  lymphocytic 

X 

X 

Stomach 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

-r 

4 

4 

4 

4 

4 

Stomach,  forestomach 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4“ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-r- 

4 

4 

4 

4 

Lymphoma  malignant  lymphocytic 

X 

Stomach,  glandular 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Carcinoma 

Lymphoma  malignant  lymphocytic 

X 

CARDIOVASCDLAR  system 
Blood  vessel 

4 

Heart 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

Leukemia  mononuclear 

Lymphoma  malignant  lymphocytic 
Squamous  cell  carcinoma,  metastatic. 

X 

Zymbal  gland 

ENMcrine  system 

Adrenal  gland 

+ 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Adrenal  gland,  cortex 

+ 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-t- 

4 

4 

4 

4 

Adenoma 

Carcinoma 

Leukemia  mononuclear 

X 

X 

X 

Adrenal  gland,  medulla 

I 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochromocytoma  benign 
Bilateral,  pheochromocytoma  benign 

X 

X 

X 

X 

X 

X 

X 

Islets,  pancreatic 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4 

4 

4 

4 

4 

4 

4 

Adenoma 

Carcinoma 

X 

Parathyroid  gland 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

M 

4 

M 

4 

4 

4 

4 

M 

4 

4 

4 

4 

M 

4 

4 

4 

Pituitary  gland 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Adenoma 

Carcinoma 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

X 

Thyroid  gland 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

C-cell,  adenoma 
C-cell,  carcinoma 
Follicular  cell,  adenoma 

X 

X 

X 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 
Epididymis 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

Penis 

4 

Preputial  gland 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Adenoma 

Carcinoma 

X 

X 

X 

X 

Prostate 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Lymphoma  malignant  lymphocytic 
Seminal  vesicle 

X 

4 

4 

Testes 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 

X 

X 

X 

X 

X 

X 

X 
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TABLK  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  400  mg/kg 

(Continued) 


ON 

STUDY 


CARCASS 

ID 


tlOpIlAgUft 
loUttin«  Urge 
InUttioe  Urge,  cecum 
InUttiae  Urge,  coton 
InUtline  Urge,  rectum 
InUetioe  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Neoplastic  nodule 
Mesentery 

Mesothelioma  malignant 
Pancreas 
Adenoma 

Lymphoma  malignant  lymphocytic 
Pharynx 

Papilloma  souamous 
Salivary  glands 
Fibrosarcoma,  metastatic,  skin 
Lymphoma  malignant  lymphocytic 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Stomach,  glandular 
Carcinoma 

Lymphoma  malignant  lymphocytic 


CARDIOVASCULAR  SYSTEM 

Blood  vessel 
Heart 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Squamous  cell  carcinoma,  metastatic. 
Zymbal  gland 


ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 
Carcinoma 

Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochromocytoma  benign 
Bilateral,  pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Carcinoma 
Parathyroid  gland 
Pituitary  gland 
Adenoma 
Carcinoma 

Leukemia  mononuclear 
Thyroid  gland 
C cell,  adenoma 
C cell,  carcinoma 
Follicular  cell,  adenoma 


GENERAL  BODY  SYSTEM 

None 


GENITAL  SYSTEM 

Epididymis 

Penis 

Preputial  gland 
Adenoma 
Carcinoma 
Prostate 

Lymphoma  malignant  lymphocytic 
Seminal  vesicle 
Testes 

Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

L 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

3 

3 

3 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TOTAL: 

2 

1 

1 

L 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1. 

1 

1 

1 

2 

2 

TISSUES 

0 

4 

4 

7 

1 

1. 

1 

2 

2 

2 

4 

5 

5 

6 

6 

6 

7 

7 

8 

8 

8 

8 

9 

0 

0 

TUMORS 

3 

3 

4 

3 

3 

4 

5 

3 

4 

5 

5 

3 

5 

3 

4 

5 

4 

5 

2 

3 

4 

5 

5 

4 

5 

4- 

4- 

+ 

4- 

+ 

+ 

-f 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+■ 

4- 

4- 

4- 

4- 

4- 

50 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

4- 

4- 

4- 

4- 

4- 

+ 

■f 

4- 

4- 

4- 

4- 

4- 

4“ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  400  mg/kg 

(Continued) 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  400  mg/kg 

(Continued) 
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TABLE  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

BENZALDEHYDE 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Adrenal  Medulla:  Pheochromocytoma 

Overall  Rates  (a) 

17/49(35%) 

19/50(38%) 

14/49(29%) 

Adjusted  Rates  (b) 

44.5% 

50.4% 

50.3% 

Terminal  Rates  (c) 

15/36(42%) 

11/29(38%) 

8/21  (38%) 

Day  of  First  Observation 

696 

564 

558 

Life  Table  Tests  (d) 

P = 0.164 

P = 0.193 

P = 0.208 

Logistic  Regression  Tests  (d) 

P = 0.403 

P = 0.433 

P = 0.439 

Cochran- Armitage  Trend  Test(d) 
Fisher  Exact  Test  (d) 

P = 0.297N 

P = 0.447 

P = 0.332N 

Adrenal  Medulla:  Malignant  Pheochromocytoma 

Overall  Rates  (a)  2/49(4%) 

5/50(10%) 

5/49(10%) 

Adjusted  Rates  (b) 

5.6% 

16.3% 

18.2% 

Terminal  Rates  (c) 

2/36  (6%) 

4/29(14%) 

2/21  (10%) 

Day  of  First  Observation 

729 

714 

499 

Life  Table  Tests  (d) 

P = 0.051 

P = 0.142 

P = 0.080 

Logistic  Regression  Tests  (d) 

P = 0.097 

P = 0.177 

P = 0.149 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d ) 

P = 0.178 

P = 0.226 

P = 0.218 

Adrenal  Medulla:  Pheochromocytoma  or 

Malignant  Pheochromocytoma 

Overall  Rates  (a) 

19/49(39%) 

23/50  (46%) 

19/49(39%) 

Adjusted  Rates  (b) 

49.8% 

61.5% 

62.1% 

Terminal  Rates  (c) 

17/36(47%) 

15/29(52%) 

10/21  (48%) 

Day  of  First  Observation 

696 

564 

499 

Life  Table  Tests  (d) 

P = 0.031 

P = 0.085 

P = 0.046 

Logistic  Regression  Tests  (d) 

P = 0.140 

P = 0.277 

P = 0.172 

Cochran-Armitage  Trend  Test(d) 
Fisher  Exact  Test(d) 

P==0.541N 

P = 0.300 

P = 0.582N 

Preputial  Gland:  Adenoma 

Overall  Rates  (a) 

1/50(2%) 

3/50(6%) 

3/50(6%) 

Adjusted  Rates  (b) 

2.2% 

9.6% 

12.4% 

Terminal  Rates  (c) 

0/37(0%) 

2/29  (7%) 

2/21(10%) 

Day  of  First  Observation 

588 

714 

593 

Life  Table  Tests  (d) 

P = 0.104 

P = 0.252 

P = 0.163 

Logistic  Regression  Tests  (d) 

P = 0.185 

P = 0.307 

P = 0.282 

Cochran-Armitage  Trend  Test(d) 
Fisher  Exact  Test  (d) 

P = 0.239 

P = 0.309 

P = 0.309 

Preputial  Gland:  Carcinoma 

Overall  Rates  (a) 

1/50  (2%) 

4/50(8%) 

4/50(8%) 

Adjusted  Rates  (b) 

2.0% 

10.2% 

11.9% 

Terminal  Rates  (c) 

0/37(0%) 

1/29(3%) 

1/21  (5%) 

Day  of  First  Observation 

507 

495 

427 

Life  Table  Tests  (d) 

P = 0.072 

P = 0.161 

P = 0.109 

Logistic  Regression  Tests  (d) 

P = 0.339 

P = 0.213 

P = 0.364 

Cochran-Armitage  Trend  Test(d) 
Fisher  Exact  Test  (d) 

P = 0.146 

II 

O 

QD 

II 

o 

00 

Preputial  Gland:  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

2/50(4%) 

6/50(12%) 

7/50(14%) 

Adjusted  Rates  (b) 

4.2% 

16.6% 

23.2% 

Terminal  Rates  (c) 

0/37(0%) 

3/29(10%) 

3/21  (14%) 

Day  of  First  Observation 

507 

495 

427 

Life  Table  Tests  (d) 

P = 0.017 

P==0.109 

P = 0.028 

Logistic  Regression  Tests  (d) 

P = 0.134 

P = 0.151 

P = 0.146 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.067 

P = 0.134 

P = 0.080 
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TAHI.K  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Pancreatic  Islet.s:  Adenoma 

Overall  Rates  (a) 

4/49  (8%) 

8/48(17%) 

1/48(2%) 

Adjusted  Kales (b) 

11.1% 

23.5% 

4.8% 

Terminal  Rates(c) 

4/36(11%) 

4/29(14%) 

1/21  (5%) 

Day  of  First  Observation 

729 

692 

729 

Life  Table  Tests(d) 

P = 0.456N 

P = 0.105 

P = 0.371N 

Ixigistic  Regression  Tests  (d) 

P = 0.371N 

P = 0.147 

P = 0.371N 

Cochran- Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.195N 

P = 0.168 

P = 0.187N 

Pancreatic  Islets:  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

5/49(10%) 

9/48(19%) 

2/48(4%) 

Adjusted  Rates (b) 

13.9% 

26.6% 

8.0% 

Terminal  Kates (c) 

5/36(14%) 

5/29(17%) 

1/21  (5%) 

Day  of  First  Observation 

729 

692 

680 

I.ife  Table  Tests  (d) 

P = 0.520N 

P = 0.108 

P = 0.460N 

Logistic  Regression  Tests  (d) 

P = 0.417N 

P = 0.155 

P = 0.387N 

Cochran- Armitage  Trend  Test  (d) 
Fisher  B)xact  Test  (d) 

P = 0.219N 

00 

d 

II 

a. 

P = 0.226N 

Mammary  Gland:  Fibroadenoma 

Overall  Rates  (e) 

3/50(6%) 

2/50(4%) 

1/50(2%) 

Adjusted  Rates  (b) 

7,9% 

5.6% 

4.8% 

Terminal  Rates  (c) 

2/37(5%) 

1/29  (3%) 

1/21  (5%) 

Day  of  B'irst  Observation 

726 

632 

729 

Life  Table  Tests  (d) 

P = 0.403N 

P = 0.578N 

P=:0.524N 

Logistic  Regression  Tests  (d) 

P = 0.316N 

P = 0.503N 

P = 0.509N 

Cochran-Armitage  Trend  Test(d) 
B’isher  Exact  Test  (d) 

P = 0.222N 

P = 0.500N 

P = 0.309N 

Mammary  Gland:  Adenoma  or  Fibroadenoma 

Overall  Rates (e) 

3/50(6%) 

3/50(6%) 

1/50(2%) 

Adjusted  Rates  (b) 

7.9% 

7.9% 

4.8% 

Terminal  Rates  (c) 

2/37  (5%) 

1/29(3%) 

1/21  (5%) 

Day  of  First  Observation 

726 

632 

729 

Life  Table  Tests  (d) 

P = 0.431N 

P = 0.592 

P = 0.524N 

Logistic  Regression  Tests  (d) 

P = 0.331N 

P = 0.661 

P = 0.509N 

Cochran-Armitage  Trend  Test  (d) 
F'isher  Exact  Test  (d) 

P = 0.238N 

P = 0.661N 

P = 0.309N 

Mammary  Gland:  Adenoma,  Fibroadenoma,  or 
Overall  Rates  (e) 

Carcinoma 

4/50(8%) 

3/50  (6%) 

1/50(2%) 

Adjusted  Rates  (b) 

10.5% 

7.9% 

4.8% 

Terminal  Rates  (c) 

3/37(8%) 

1/29(3%) 

1/21  (5%) 

Day  of  First  Observation 

726 

632 

729 

Life  Table  Tests  (d) 

P = 0.297N 

P = 0.585N 

P = 0.386N 

Logistic  Regression  Tests  (d) 

P = 0.208N 

P = 0.503N 

P = 0.373N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.133N 

P = 0.500N 

P = 0.181N 

Pancreas:  Adenoma 

Overall  Rates  (a) 

3/49(6%) 

2/49(4%) 

7/48(15%) 

Adjusted  Rates  (b) 

8.3% 

6.2% 

31.2% 

Terminal  Rates  (c) 

3/36(8%) 

1/29(3%) 

6/21  (29%) 

Day  of  First  Observation 

729 

711 

697 

Life  Table  Tests  (d) 

P = 0.018 

P = 0.590N 

P = 0.026 

Logistic  Regression  Tests  (d) 

P = 0.024 

P = 0.532N 

P = 0.038 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.093 

P = 0.500N 

P = 0.150 
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TABLE  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Pituitary  Glancl/Pars  Distaiis:  Adenoma 

Overall  Rates  (a) 

15/49(31%) 

22/50(44%) 

11/49(22%) 

Adjusted  Rates (b) 

35.7% 

57.0% 

40.1% 

Terminal  Rates  (c) 

10/36(28%) 

13/29  (45%) 

6/21  (29%) 

Day  of  First  Observation 

585 

561 

506 

Life  Table  Tests  (d) 

P = 0.259 

P = 0.045 

P = 0.399 

Logistic  Regression  Tests  (d) 

P = 0.473N 

P = 0.117 

P = 0.450N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.225N 

P = 0.121 

P = 0.246N 

Pituitary  Gland/Pars  Distaiis:  Carcinoma 

Overall  Rates  (a) 

3/49(6%) 

0/50(0%) 

3/49(6%) 

Adjusted  Rates  (b) 

7.8% 

0.0% 

11.5% 

Terminal  Rates  (c) 

2/36(6%) 

0/29(0%) 

1/21  (5%) 

Day  of  First  Observation 

610 

680 

Life  Table  Tests  (d) 

P = 0.426 

P = 0.143N 

P = 0.446 

Logistic  Regression  Tests  (d) 

P = 0.534 

P = 0.116N 

P = 0.564 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.601 

P = 0.117N 

P = 0.661N 

Pituitary  Gland/Pars  Distaiis;  Adenoma  or 
Overall  Rates  (a) 

Carcinoma 

18/49(37%) 

22/50(44%) 

14/49(29%) 

Adjusted  Rates  (b) 

42.0% 

57.0% 

48.0% 

Terminal  Rates  (c) 

12/36(33%) 

13/29(45%) 

7/21  (33%) 

Day  of  First  Observation 

585 

561 

506 

Life  Table  Tests  (d) 

P = 0.217 

P = 0.128 

P = 0.308 

Logistic  Regression  Tests  (d) 

P = 0.504N 

P = 0.292 

P = 0.509N 

Cochran-Armitage  Trend  Test(d) 
Fisher  Exact  Test  (d) 

P = 0.231N 

P==0.298 

P = 0.259N 

Skin:  Keratoacanthoma 

Overall  Rates  (e) 

1/50(2%) 

0/50  (0%) 

4/50(8%) 

Adjusted  Rates  (b) 

2.7% 

0.0% 

17.0% 

Terminal  Rates  (c) 

1/37(3%) 

0/29  (0%) 

3/21  (14%) 

Day  of  First  Observation 

729 

593 

Life  Table  Tests  (d) 

P = 0.028 

P = 0.549N 

P = 0.061 

Logistic  Regression  Tests  (d) 

P = 0.047 

P = 0.549N 

P = 0.104 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.082 

P = 0.500N 

00 

d 

II 

CL 

Skin:  Papilloma 

Overall  Rates  (e) 

0/50(0%) 

1/50(2%) 

3/50  (6%) 

Adjusted  Rates (b) 

0.0% 

2.5% 

11.1% 

Terminal  Rates  (c) 

0/37(0%) 

0/29(0%) 

1/21  (5%) 

Day  of  First  Observation 

682 

427 

Life  Table  Tests  (d) 

P = 0.028 

P = 0.495 

P = 0.059 

Logistic  Regression  Tests  (d) 

P = 0.067 

P = 0.503 

P = 0.127 

Cochran-Armitage  Trend  Test(d) 
Fisher  Exact  Test  (d) 

P = 0.060 

P = 0.500 

P = 0.121 

Subcutaneous  Tissue:  Fibroma 

Overall  Rates  (e) 

5/50(10%) 

3/50(6%) 

3/50(6%) 

Adjusted  Rates  (b) 

13.2% 

9.2% 

12.9% 

Terminal  Rates  (c) 

4/37(11%) 

2/29  (7%) 

2/21  (10%) 

Day  of  First  Observation 

726 

676 

697 

Life  Table  Tests  (d) 

P = 0.561N 

P = 0.477N 

P = 0.628 

Logistic  Regression  Tests  (d) 

P = 0.476N 

P = 0.375N 

P = 0.602N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.283N 

P = 0.357N 

P = 0.357N 
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TABLE  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Subcutaneous  Tissue:  Fibroma  or  Fibrosarcoma 

Overall  Rates  (e)  6/50(12%) 

4/50(8%) 

4/50  (8%) 

Adjusted  Rates  (b) 

15.0% 

12.5% 

15.9% 

Terminal  Rates(c) 

4/37(11%) 

3/29(10%) 

2/21  (10%) 

Day  of  First  Observation 

585 

676 

680 

Life  Table  Tests  (d) 

P = 0.528 

P = 0.497N 

P = 0.569 

Logistic  Regression  Tests  (d) 

P = 0.470N 

P = 0.373N 

P = 0.561N 

Cochran-Armitage  Trend  Test(d) 
Fisher  Exact  Test  (d) 

P = 0.303N 

P = 0.370N 

P = 0.370N 

Subcutaneous  Tissue:  Sarcoma,  Fibrosarcoma, 
Overall  Rates (e) 

or  Myxosarcoma 

2/50(4%) 

4/50(8%) 

2/50(4%) 

.Adjusted  Rates  (b) 

4.7% 

10.1% 

7.0% 

Terminal  Rates  (c) 

0/37  (0%) 

1/29(3%) 

0/21  (0%) 

Day  of  First  Observation 

585 

235 

680 

Life  Table  Tests  (d) 

P = 0.413 

P = 0.299 

P = 0.535 

Logistic  Regression  Tests  (d) 

P = 0.47  IN 

P = 0.387 

P = 0.666 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.588 

P = 0.339 

P = 0.691 

Subcutaneous  Tissue:  Fibroma,  Fibrosarcoma,  Sarcoma,  or  Myxosarcoma 

Overall  Rates (e) 

6/50(12%) 

7/50(14%) 

4/50(8%) 

Adjusted  Rates  (b) 

15.0% 

18.6% 

15.9% 

Terminal  Rates  (c) 

4/37(11%) 

3/29(10%) 

2/21  (10%) 

Day  of  First  Observation 

585 

235 

680 

Life  Table  Tests  (d) 

P = 0.491 

P^O.386 

P = 0.569 

Logistic  Regression  Tests  (d) 

P = 0.361N 

P = 0.520 

P = 0.56  IN 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.318N 

P = 0.500 

P = 0.370N 

Testis:  Interstitial  Cell  Adenoma 

Overall  Rates  (a) 

46/50  (92%) 

47/50(94%) 

31/49(63%) 

Adjusted  Rates  (b) 

100.0% 

100.0% 

100.0% 

Terminal  Rates  (c) 

37/37(100%) 

29/29(100%) 

21/21(100%) 

Day  of  First  Observation 

507 

495 

558 

Life  Table  Tests  (d) 

P = 0.135 

P = 0.045 

P = 0.187 

Logistic  Regression  Tests  (d) 

P = 0.109N 

P = 0.480 

P = 0.198N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P<0.001N 

P = 0.500 

P<0.001N 

Thyroid  Gland:  C-Cell  Adenoma 

Overall  Rates  (a) 

4/50  (8%) 

8/50(16%) 

7/49(14%) 

Adjusted  Rates  (b) 

10.8% 

23.1% 

29.0% 

Terminal  Rates  (c) 

4/37(11%) 

4/29(14%) 

5/21  (24%) 

Day  of  First  Observation 

729 

692 

605 

Life  Table  Tests  (d) 

P = 0.041 

P = 0.103 

P = 0.055 

Logistic  Regression  Tests  (d) 

P = 0.071 

P = 0.160 

P = 0.097 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P==0.214 

11 

o 

00 

P = 0.251 

Thyroid  Gland:  C-Cell  Adenoma  or  Carcinoma 
Overall  Rates  (a) 

Adjusted  Rates  (b) 

Terminal  Rates  (c) 

Day  of  First  Observation 
Life  Table  Tests  (d) 

Logistic  Regression  Tests  (d) 

Cochran-Armitage  Trend  Test  (d) 

Fisher  Exact  Test  (d) 
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5/50(10%) 

13.2% 

4/37(11%) 

726 

P = 0.039 
P = 0.087 
P = 0.230 


10/50(20%) 

28.5% 

5/29(17%) 

692 

P = 0.067 
P = 0.112 

P = 0.131 


8/49(16%) 

30.8% 

5/21  (24%) 
506 

P = 0.057 
P = 0.127 

P = 0.264 


TABLE  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Hematopoietic  System:  Mononuclear  Leukemia 

Overall  Rates  (e) 

10/50(20%) 

17/50  (34%) 

16/50  (32%) 

Adjusted  Rates  (b) 

24.6% 

50.6% 

56.7% 

Terminal  Rates  (c) 

7/37(19%) 

13/29(45%) 

10/21  (48%) 

Day  of  First  Observation 

508 

632 

373 

Life  Table  Tests  (d) 

P = 0.003 

P = 0.026 

P = 0.006 

Logistic  Regression  Tests  (d) 

P = 0.023 

P = 0.081 

P = 0.041 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.112 

P = 0.088 

P = 0.127 

All  Sites:  Mesothelioma 

Overall  Rates  (e) 

0/50  (0%) 

5/50(10%) 

2/50(4%) 

Adjusted  Rates  (b) 

0.0% 

15.9% 

7.3% 

Terminal  Rates  (c) 

0/37(0%) 

4/29(14%) 

1/21  (5%) 

Day  of  First  Observation 

676 

558 

Life  Table  Tests  (d) 

P = 0.104 

P = 0.020 

P = 0.156 

Logistic  Regression  Tests  (d) 

P = 0.167 

P = 0.031 

P = 0.233 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.238 

P = 0.028 

P = 0.247 

(a)  Number  of  tumor-bearing  animals/number  of  animals  examined  microscopically  at  the  site 

(b)  Kaplan-Meier  estimated  tumor  incidences  at  the  end  of  the  study  after  adjusting  for  intercurrent  mortality 

(c)  Observed  tumor  incidence  in  animals  killed  at  the  end  of  the  study 

(d)  Beneath  the  vehicle  control  incidence  are  the  P values  associated  with  the  trend  test.  Beneath  the  dosed  group  incidence  are 
the  P values  corresponding  to  pairwise  comparisons  between  that  dosed  group  and  the  vehicle  controls.  The  life  table  analysis 
regards  tumors  in  animals  dying  prior  to  terminal  kill  as  being  (directly  or  indirectly)  the  cause  of  death.  The  incidental  tumor 
test  regards  these  lesions  as  nonfatal.  The  Cochran- Armitage  and  Fisher  exact  tests  compare  directly  the  overall  incidence 
rates.  A negative  trend  or  a lower  incidence  in  a dosed  group  than  in  vehicle  controls  is  indicated  by  (N). 

(e)  Number  of  tumor-bearing  animals/number  of  animals  examined  grossly  at  the  site 
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TAHI.K  A4a.  HISTORICAL  INCIDENCE  OF  PANCREATIC  ACINAR  CELL  TUMORS  IN  MALE  F344/N 

RATS  ADMINISTERED  CORN  OIL  BY  GAVAGE  (a) 


Study 

Incidence 

Adenoma 

in  Vehicle  Controls 

Adenoma  or  Carcinoma 

Historical  Incidence  at  Southern  Research  Institute 

Ethyl  acrylate 

0/49 

0/49 

Allyl  isovalerate 

1/50 

1/50 

MC  Red  No.  3 

11/50 

11/50 

C.I.  Acid  Orange  3 

5/50 

6/50 

Chlorinated  paraffins  (C23, 43%  chlorine) 

6/49 

6/49 

Chlorinated  paraffins (0^2. 60%  chlorine) 

11/50 

11/50 

Allyl  isothiocyanate 

(b)  1/50 

1/50 

Geranyl  acetate 

0/49 

0/49 

TOTAL 

35/397  (8.8%) 

36/397(9.1%) 

SD(c) 

9.33% 

9.39% 

Range (d) 

High 

11/50 

11/50 

IX)W 

0/49 

0/49 

Overall  Historical  Incidence 

TOTAL 

(e)  104/2,011  (5.2%) 

(e,f)  107/2,011  (5.3%) 

SD(c) 

6.70% 

6.73% 

Range (d) 

High 

14/50 

14/50 

Low 

0/50 

0/50 

(a)  Data  as  of  May  12, 1988,  for  studies  of  at  least  104  weeks;  data  for  the  benzyl  acetate  study  have  been  omitted. 

(b)  Adenoma,  NOS 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(e)  Includes  three  adenomas,  NOS 

(f)  Includes  one  adenocarcinoma,  NOS 
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TABLE  A4b.  HISTORICAL  INCIDENCE  OF  MESOTHELIAL  TUMORS  IN  MALE  F344/N  RATS 

ADMINISTERED  CORN  OIL  BY  GAVAGE  (a) 


Study 

Incidence  of  Mesotheliomas  in  Vehicle  Controls 

Historical  Incidence  at  Southern  Research  Institute 

Ethyl  acrylate 

1/50 

Benzyl  acetate 

2/50 

Allyl  isovalerate 

2/50 

HC  Red  No.  3 

0/50 

C.l.  Acid  Orange  3 

3/50 

Chlorinated  paraffins  (C23, 43%  chlorine) 

1/50 

Chlorinated  paraffins  (C|2. 60%  chlorine) 

4/50 

Allyl  isothiocyanate 

0/50 

Geranyl  acetate 

2/50 

TOTAL 

(b)  15/450  (3.3%) 

SD  (c) 

2.65% 

Range (d) 

High 

4/50 

Low 

0/50 

Overall  Historical  Incidence 

TOTAL 

(e)  78/2,099  (3.7%) 

SD  (c) 

2.56% 

Range (d) 

High 

6/50 

Low 

0/50 

(a)  Data  as  of  May  12, 1988,  for  studies  of  at  least  104  weeks 

(b)  Includes  four  malignant  mesotheliomas 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(e)  Includes  13  malignant  mesotheliomas 
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TABLK  A4c.  HISTORICAL  INCIDENCE  OF  HEMATOPOIETIC  SYSTEM  TUMORS  IN  MALE  F344/N  RATS 

ADMINISTERED  CORN  OIL  BY  GAVAGE  (a) 


Study 

Incidence  of  Leukemia  in  Vehicle  Controls 

Historical  Incidence  at  Southern  Research  Institute 

Ethyl  acrylate 

1/50 

Benzyl  acetate 

5/50 

Allyl  isovalerate 

1/50 

HC  Red  No.  3 

9/50 

C.l.  Acid  Orange  3 

10/50 

Chlorinated  paraffins  (C23, 43%  chlorine) 

9/50 

Chlorinated  paraffins  (C12, 60%  chlorine) 

7/50 

Allyl  isothiocyanate 

2/50 

Geranyl  acetate 

1/50 

TOTAL 

45/450(10.0%) 

SD(b) 

7.68% 

Range  (c) 

High 

10/50 

Low 

1/50 

Overall  Historical  Incidence 

TOTAL 

361/2,099(17.2%) 

SDlb) 

9.04% 

Range  (c) 

High 

22/50 

Low 

1/50 

(a)  Data  as  of  May  12, 1988,  for  studies  of  at  least  104  weeks 

(b)  Standard  deviation 

(c)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 
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TABLE  A5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS  IN  THE 

TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Animals  removed 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

ALIMENTARY  SYSTEM 

Intestine  large,  cecum 

(49) 

(48) 

(47) 

Edema 

2 (4%) 

1 (2%) 

Inflammation,  suppurative 

1 (2%) 

1 (2%) 

Parasite  metazoan 

5 (10%) 

4 (8%) 

3 (6%) 

Intestine  large,  colon 

(50) 

(49) 

(48) 

Inflammation,  granulomatous 

1 (2%) 

Parasite  metazoan 

5 (10%) 

3 (6%) 

3 (6%) 

Intestine  large,  rectum 

(49) 

(49) 

(45) 

Mineralization 

1 (2%) 

Parasite  metazoan 

9 (18%) 

7 (14%) 

4 (9%) 

Liver 

(50) 

(50) 

(50) 

Angiectasis 

4 (8%) 

4 (8%) 

Basophilic  focus 

37  (74%) 

31  (62%) 

20  (40%) 

Clear  cell  focus 

15  (30%) 

11  (22%) 

5 (10%) 

Congestion 

2 (4%) 

1 (2%) 

Degeneration,  cystic 

2 (4%) 

1 (2%) 

Developmental  malformation 

7 (14%) 

6 (12%) 

6 (12%) 

Eosinophilic  focus 

1 (2%) 

Focal  cellular  change 

4 (8%) 

4 (8%) 

Granuloma 

23  (46%) 

12  (24%) 

1 (2%) 

Hematopoietic  cell  proliferation 

6 (12%) 

3 (6%) 

Hemorrhage 

1 (2%) 

1 (2%) 

Inflammation,  chronic 

2 (4%) 

1 (2%) 

1 (2%) 

Inflammation,  chronic  active 

3 (6%) 

1 (2%) 

Bile  duct,  cyst  multilocular 

1 (2%) 

1 (2%) 

Bile  duct,  hyperplasia 

47  (94%) 

45  (90%) 

37  (74%) 

Centrilobular,  atrophy 

2 (4%) 

1 (2%) 

4 (8%) 

Centrilobular,  necrosis 

4 (8%) 

3 (6%) 

Hepatocyte,  hyperplasia,  nodular 

3 (6%) 

3 (6%) 

5 (10%) 

Hepatocyte,  vacuolization  cytoplasmic 

15  (30%) 

14  (28%) 

2 (4%) 

Kupffer  cell,  hyperplasia 

4 (8%) 

1 (2%) 

Kupffer  cell,  pigmentation 

2 (4%) 

Lobules,  necrosis 

1 (2%) 

3 (6%) 

2 (4%) 

Mesentery 

(16) 

(22) 

(19) 

Accessory  spleen 

1 (5%) 

Artery,  hypertrophy 

2 (13%) 

3 (16%) 

Artery,  inflammation,  chronic  active 

3 (19%) 

1 (5%) 

6 (32%) 

Artery,  mineralization 

1 (5%) 

Fat,  inflammation,  granulomatous 

3 (19%) 

10  (45%) 

3 (16%) 

Fat,  mineralization 

8 (50%) 

13  (59%) 

9 (47%) 

Fat,  necrosis 

12  (75%) 

15  (68%) 

12  (63%) 

Fat,  pigmentation 

1 (5%) 

Pancreas 

(49) 

(49) 

(48) 

Atrophy 

10  (20%) 

9 (18%) 

5 (10%) 

Basophilic  focus 

2 (4%) 

Hyperplasia,  nodular 

6 (12%) 

6 (12%) 

12  (25%) 

Inflammation,  chronic 

4 (8%) 

1 (2%) 

Inflammation,  granulomatous 

1 (2%) 

Salivary  glands 

(50) 

(50) 

(49) 

Atrophy 

2 (4%) 

Inflammation,  chronic 

1 (2%) 

1 (2%) 

Inflammation,  suppurative 

1 (2%) 

Benzaldehyde,  NTP  TR  378 
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TABLE  A5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control  200  mg/kg  400  mg/kg 


ALIMENTARY  SYSTEM  (Continued) 


Stomach,  forestomach 

(50) 

(50) 

(50) 

Edema 

1 (2%) 

3 (6%) 

Erosion 

1 (2%) 

Inflammation,  chronic 

1 (2%) 

1 (2%) 

1 (2%) 

Mineralization 

2 (4%) 

1 (2%) 

Perforation 

1 (2%) 

Ulcer 

3 (6%) 

1 (2%) 

Mucosa,  dysplasia 

1 (2%) 

Mucosa,  hyperplasia 

2 (4%) 

3 (6%) 

3 (6%) 

Stomach,  glandular 

(50) 

(50) 

(50) 

Edema 

1 (2%) 

1 (2%) 

Erosion 

1 (2%) 

2 (4%) 

3 (6%) 

Hyperplasia,  lymphoid 

1 (2%) 

Inflammation,  chronic  active 

1 (2%) 

1 (2%) 

Mineralization 

1 (2%) 

6 (12%) 

3 (6%) 

Ulcer 

2 (4%) 

2 (4%) 

Mucosa,  dysplasia 

1 (2%) 

Tongue 

(1) 

Hyperkeratosis 

1 (100%) 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 

(1) 

(1) 

Aorta,  fibrosis 

1 (100%) 

Aorta,  hemorrhage 

1 (100%) 

Aorta,  inflammation,  chronic 

1 (100%) 

Aorta,  mineralization 

1 (100%) 

Heart 

(50) 

(50) 

(50) 

Cardiomyopathy 

37  (74%) 

42  (84%) 

40  (80%) 

Thrombus 

2 (4%) 

4 (8%) 

1 (2%) 

Epicardium,  fibrosis 

1 (2%) 

Epicardium,  inflammation,  chronic 

1 (2%) 

1 (2%) 

Myocardium,  inflammation,  chronic 

2 (4%) 

5 (10%) 

Myocardium,  mineralization 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(50) 

(50) 

(50) 

Accessory  adrenal  cortical  nodule 

4 (8%) 

10  (20%) 

8 (16%) 

Angiectasis 

5 (10%) 

6 (12%) 

1 (2%) 

Basophilic  focus 

2 (4%) 

Clear  cell  focus 

7 (14%) 

6 (12%) 

7 (14%) 

Cyst 

1 (2%) 

Fibrosis 

1 (2%) 

Hematopoietic  cell  proliferation 

4 (8%) 

Hyperplasia 

2 (4%) 

9 (18%) 

3 (6%) 

Necrosis 

1 (2%) 

Vacuolization  cytoplasmic,  diffuse 

6 (12%) 

4 (8%) 

Adrenal  gland,  medulla 

(49) 

(50) 

(49) 

Hyperplasia 

2 (4%) 

6 (12%) 

3 (6%) 

Infiltration  cellular,  mononuclear  cell 

1 (2%) 

Islets,  pancreatic 

(49) 

(48) 

(48) 

Hyperplasia 

3 (6%) 

Parathyroid  gland 

(48) 

(46) 

(46) 

Hyperplasia 

1 (2%) 

Pituitary  gland 

(49) 

(50) 

(49) 

Pars  distalis,  angiectasis 

4 (8%) 

1 (2%) 

Pars  distalis,  cyst 

1 (2%) 

6 (12%) 

2 (4%) 

Pars  distalis,  hyperplasia 

4 (8%) 

10  (20%) 

8 (16%) 

Pars  intermedia,  angiectasis 

1 (2%) 

Pars  intermedia,  cyst 

2 (4%) 

1 (2%; 

Pars  nerv'osa,  hyperplasia 

1 (2%) 
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TABLE  A5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

ENDOCRINE  SYSTEM  (Continued) 

Thyroid  gland 

(50) 

(50) 

(49) 

Concretion 

1 (2%) 

Mineralization 

1 (2%) 

Pigmentation 

18  (36%) 

19  (38%) 

10  (20%) 

Ultimobranchial  cyst 

1 (2%) 

1 (2%) 

C-cell,  hyperplasia 

7 (14%) 

15  (30%) 

4 (8%) 

Follicle,  cyst 

2 (4%) 

2 (4%) 

1 (2%) 

Follicular  cell,  hyperplasia 

1 (2%) 

GENERAL  BODY  SYSTEM 

Tissue,  NOS 

(1) 

Hemorrhage 

1 (100%) 

Infiltration  cellular,  mononuclear  cell 

1 (100%) 

GENITAL  SYSTEM 

Epididymis 

(49) 

(50) 

(49) 

Fibrosis 

1 (2%) 

Pigmentation 

1 (2%) 

Preputial  gland 

(50) 

(50) 

(50) 

Ectasia 

1 (2%) 

4 (8%) 

5 (10%) 

Hyperplasia 

1 (2%) 

1 (2%) 

Inflammation,  chronic 

35  (70%) 

25  (50%) 

25  (50%) 

Inflammation,  suppurative 

4 (8%) 

9 (18%) 

6 (12%) 

Metaplasia,  squamous 

2 (4%) 

Mineralization 

1 (2%) 

Necrosis 

1 (2%) 

Prostate 

(50) 

(50) 

(50) 

Corpora  amylacea 

2 (4%) 

6 (12%) 

1 (2%) 

Ectasia 

1 (2%) 

Fibrosis 

4 (8%) 

4 (8%) 

Inflammation,  chronic 

10  (20%) 

21  (42%) 

5 (10%) 

Inflammation,  suppurative 

20  (40%) 

27  (54%) 

6 (12%) 

Testes 

(50) 

(50) 

(49) 

Mineralization 

24  (48%) 

23  (46%) 

11  (22%) 

Spermatocele 

1 (2%) 

Interstitial  cell,  hyperplasia 

1 (2%) 

2 (4%) 

Seminiferous  tubule,  atrophy 

2 (4%) 

7 (14%) 

7 (14%) 

HEMATOPOIETIC  SYSTEM 

Blood 

(1) 

Anemia 

1 (100%) 

Leukocytosis 

1 (100%) 

Bone  marrow 

(50) 

(50) 

(50) 

Angiectasis 

1 (2%) 

1 (2%) 

1 (2%) 

Depletion 

1 (2%) 

Hyperplasia,  reticulum  cell 

1 (2%) 

1 (2%) 

Myelofibrosis 

1 (2%) 

Proliferation 

9 (18%) 

3 (6%) 

Lymph  node 

(50) 

(50) 

(50) 

Inguinal,  hyperplasia,  lymphoid 

1 (2%) 

Mediastinal,  erythrophagocytosis 

2 (4%) 

1 (2%) 

Mediastinal,  hemorrhage 

1 (2%) 

2 (4%) 

Mediastinal,  hyperplasia,  plasma  cell 

1 (2%) 

Mediastinal,  hyperplasia,  reticulum  cell 

1 (2%) 

Mediastinal,  infiltration  cellular,  mast  cell 

1 (2%) 

Mediastinal,  pigmentation 

3 (6%) 

Benzaldehyde,  NTP  TR  378 
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TABLE  A5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

HEMATOPOIETIC  SYSTEM  (Continued) 

Lymph  node,  mandibular 

(49) 

(48) 

(46) 

Depletion 

1 (2%) 

Erythrophagocytosis 

1 (2%) 

1 (2%) 

Hemorrhage 

1 (2%) 

Hyperplasia,  lymphoid 

1 (2%) 

Hyperplasia,  plasma  cell 

3 (6%) 

2 (4%) 

5 (11%) 

Hyperplasia,  reticulum  cell 

1 (2%) 

Lymphatic,  dilatation 

5 (10%) 

1 (2%) 

3 (7%) 

Lymph  node,  mesenteric 

(50) 

(49) 

(48) 

Depletion 

1 (2%) 

Erythrophagocytosis 

2 (4%) 

Hemorrhage 

1 (2%) 

1 (2%) 

3 (6%) 

Infiltration  cellular,  mast  cell 

2 (4%) 

1 (2%) 

Pigmentation 

38  (76%) 

33  (67%) 

26  (54%) 

Spleen 

(50) 

(50) 

(50) 

Congestion 

1 (2%) 

Fibrosis 

2 (4%) 

1 (2%) 

3 (6%) 

Hematopoietic  cell  proliferation 

6 (12%) 

11  (22%) 

6 (12%) 

Hyperplasia,  re  cell 

1 (2%) 

1 (2%) 

Necrosis 

1 (2%) 

Pigmentation,  hemosiderin 

1 (2%) 

5 (10%) 

2 (4%) 

Lymphoid  follicle,  atrophy 

2 (4%) 

2 (4%) 

Red  pulp,  atrophy 

3 (6%) 

4 (8%) 

Thymus 

(47) 

(30) 

(49) 

Cyst 

2 (4%) 

Hemorrhage 

1 (2%) 

Epithelial  cell,  hyperplasia 

1 (2%) 

2 (7%) 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(47) 

(47) 

(44) 

Hyperplasia,  cystic 

16  (34%) 

16  (34%) 

7 (16%) 

Hyperplasia,  lobular 

2 (4%) 

5 (11%) 

1 (2%) 

Inflammation,  granulomatous 

1 (2%) 

Skin 

(50) 

(49) 

(50) 

Acanthosis 

1 (2%) 

Cyst  epithelial  inclusion 

1 (2%) 

6 (12%) 

2 (4%) 

Cyst  multilocular 

1 (2%) 

Fibrosis 

2 (4%) 

Foreign  body 

1 (2%) 

Hemorrhage 

1 (2%) 

Inflammation,  chronic 

1 (2%) 

Inflammation,  granulomatous 

1 (2%) 

Inflammation,  suppurative 

1 (2%) 

1 (2%) 

2 (4%) 

Mineralization 

2 (4%) 

Ulcer 

2 (4%) 

Hair  follicle,  atrophy 

1 (2%) 

Sebaceous  gland,  ectasia 

1 (2%) 

Subcutaneous  tissue,  edema 

1 (2%) 

Subcutaneous  tissue,  fibrosis 

2 (4%) 

Subcutaneous  tissue,  granuloma 

1 (2%) 
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TABLE  A5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

MUSCULOSKELETAL  SYSTEM 

Bone 

(50) 

(50) 

(50) 

Cranium,  hyperostosis 

1 (2%) 

Skeletal  muscle 

(1) 

(4) 

(3) 

Edema 

1 (25%) 

Hemorrhage 

1 (33%) 

Inflammation,  chronic 

1 (33%) 

Inflammation,  chronic  active 

1 (25%) 

Mineralization 

1 (33%) 

Necrosis 

1 (33%) 

NERVOUS  SYSTEM 

Brain 

(50) 

(50) 

(50) 

Compression 

2 (4%) 

2 (4%) 

1 (2%) 

Corpora  amylacea 

1 (2%) 

Developmental  malformation 

1 (2%) 

Hemorrhage 

2 (4%) 

2 (4%) 

Hydrocephalus 

2 (4%) 

1 (2%) 

Inflammation,  chronic 

1 (2%) 

Necrosis 

1 (2%) 

Peripheral  nerve 

(49) 

(49) 

(46) 

Infiltration  cellular,  mast  cell 

1 (2%) 

Inflammation,  chronic 

1 (2%) 

1 (2%) 

Axon,  hypertrophy 

2 (4%) 

Spinal  cord 

(50) 

(50) 

(50) 

Gray  matter,  cytoplasmic  alteration 

1 (2%) 

Gray  matter,  degeneration 

1 (2%) 

1 (2%) 

1 (2%) 

Gray  matter,  necrosis 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

(50) 

(50) 

Adenomatosis 

1 (2%) 

1 (2%) 

1 (2%) 

Congestion 

1 (2%) 

4 (8%) 

8 (16%) 

Foreign  body 

1 (2%) 

1 (2%) 

Hemorrhage 

1 (2%) 

Infiltration  cellular,  histiocytic 

18  (36%) 

14  (28%) 

9 (18%) 

Inflammation,  chronic 

1 (2%) 

1 (2%) 

2 (4%) 

Leukocytosis 

1 (2%) 

Mineralization 

1 (2%) 

Alveolar  epithelium,  hyperplasia 

2 (4%) 

3 (6%) 

4 (8%) 

Alveolus,  edema 

1 (2%) 

1 (2%) 

3 (6%) 

Artery,  mediastinum,  hypertrophy 

1 (2%) 

1 (2%) 

Artery,  mediastinum,  inflammation,  chronic 

active 

1 (2%) 

1 (2%) 

Lymphatic,  dilatation 

1 (2%) 

Mediastinum,  edema 

1 (2%) 

Nose 

(50) 

(50) 

(50) 

Exudate 

14  (28%) 

9 (18%) 

8 (16%) 

Foreign  body 

1 (2%) 

3 (6%) 

3 (6%) 

Fungus 

10  (20%) 

4 (8%) 

2 (4%) 

Inflammation,  chronic 

7 (14%) 

3 (6%) 

4 (8%) 

Mucosa,  hyperplasia 

3 (6%) 

2 (4%) 

2 (4%) 

Mucosa,  metaplasia,  squamous 

5 (10%) 

5 (10%) 

2 (4%) 

Trachea 

(50) 

(50) 

(50) 

Inflammation,  chronic 

2 (4%) 

Mineralization 

1 (2%) 

Benzaldehyde,  NTP  TR  378 
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TABLK  A5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


V’ehicle  Control 

200  mg/kg 

400  mg/kg 

SPECIAL  SENSES  SYSTEM 

Eye 

(50) 

(50) 

(45) 

Cataract 

9 (18%) 

3 (6%) 

10  (22%) 

Hemorrhage 

1 (2%) 

Cornea,  inflammation,  chronic 

1 (2%) 

Cornea,  mineralization 

1 (2%) 

Retina,  atrophy 

31  (62%) 

28  (56%) 

35  (78%) 

Sclera,  mineralization 

25  (50%) 

26  (52%) 

20  (44%) 

URINARY  SYSTEM 

Kidney 

(50) 

(50) 

(50) 

Angiectasis 

1 (2%) 

Cyst 

1 (2%) 

Fibrosis 

1 (2%) 

Glomerulosclerosis 

1 (2%) 

Hydronephrosis 

1 (2%) 

1 

(2%) 

Infarct 

3 

(6%) 

Inflammation,  chronic 

29  (58%) 

30  (60%) 

32 

(64%) 

Inflammation,  suppurative 

9 (18%) 

13  (26%) 

13 

(26%) 

Mineralization 

8 (16%) 

15  (30%) 

10 

(20%) 

Nephropathy 

50  (100%) 

49  (98%) 

44 

(88%) 

Capsule,  fibrosis 

1 (2%) 

Renal  tubule,  cytoplasmic  alteration 

1 (2%) 

Renal  tubule,  degeneration 

1 (2%) 

Renal  tubule,  hyperplasia 

1 (2%) 

1 

(2%) 

Renal  tubule,  necrosis 

2 

(4%) 

Renal  tubule,  pigmentation 

2 (4%) 

3 

(6%) 

Transitional  epithelium,  hyperplasia 

1 (2%) 

5 

(10%) 

V'enule,  infiltration  cellular,  histiocytic 

1 (2%) 

V’enule,  pigmentation 

1 (2%) 
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TABLE  Bl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Animals  removed 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

ALIMENTARY  SYSTEM 

Intestine  large,  cecum 

(49) 

♦(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Intestine  large,  colon 

(49) 

♦(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Intestine  small,  duodenum 

(49) 

♦(50) 

(46) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Intestine  small,  ileum 

(48) 

♦(50) 

(44) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Intestine  small,  jejunum 

(48) 

♦(50) 

(47) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Schwannoma  malignant 

1 (2%) 

Liver 

(50) 

(50) 

(50) 

Fibrous  histiocytoma 

1 (2%) 

Leukemia  mononuclear 

15  (30%) 

19  (38%) 

18  (36%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Neoplastic  nodule 

5 (10%) 

1 (2%) 

Schwannoma  malignant 

1 (2%) 

Mesentery 

♦(50) 

♦(50) 

♦(50) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Sarcoma,  metastatic,  vagina 

1 (2%) 

Pancreas 

(48) 

♦(50) 

(50) 

Adenoma 

1 (2%) 

Fibrous  histiocytoma 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Pharynx 

*(50) 

♦(50) 

♦(50) 

Papilloma  squamous 

1 (2%) 

Salivary  glands 

(50) 

♦(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Stomach,  forestomach 

(50) 

(50) 

(50) 

Fibrous  histiocytoma 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Papilloma  squamous 

2 (4%) 

Stomach,  glandular 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

2 (4%) 

2 (4%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

3 (6%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(50) 

(50) 

(50) 

Adenoma 

2 (4%) 

2 (4%) 

Leukemia  mononuclear 

1 (2%) 

4 (8%) 

5 (10%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Adrenal  gland,  medulla 

(49) 

(49) 

(47) 

Leukemia  mononuclear 

2 (4%) 

2 (4%) 

1 (2%) 

Pheochromocytoma  malignant 

2 (4%) 

2 (4%) 

Pheochromocytoma  benign 

5 (10%) 

2 (4%) 

3 (6%) 

Bilateral,  pheochromocytoma  benign 

1 (2%) 

Benzaldehyde,  NTP  TR  378  92 


TABLK  Bi.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

ENDOCRINE  SYSTEM  (Continued) 

Islets,  pancreatic 

(48) 

*(50) 

(50) 

Adenoma 

1 (2%) 

2 (4%) 

Pituitary  gland 

(49) 

(49) 

(49) 

Adenoma 

23  (47%) 

31  (63%) 

15  (31%) 

Carcinoma 

3 (6%) 

2 (4%) 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

3 (6%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Pars  intermedia,  adenoma 

1 (2%) 

1 (2%) 

Thyroid  gland 

(50) 

*(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

C-cell,  adenoma 

2 (4%) 

1 (2%) 

3 (6%) 

C-cell,  carcinoma 

1 (2%) 

Follicular  cell,  adenoma 

1 (2%) 

Follicular  cell,  carcinoma 

2 (4%) 

1 (2%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Clitoral  gland 

(45) 

(50) 

(48) 

Adenoma 

1 (2%) 

3 (6%) 

1 (2%) 

Basosquamous  tumor  malignant 

1 (2%) 

Carcinoma 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Ovary 

(49) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Uterus 

(49) 

*(50) 

(50) 

Adenoma 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Polyp  stromal 

12  (24%) 

8 (16%) 

14  (28%) 

Sarcoma  stromal 

1 (2%) 

Vagina 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

1 (2%) 

Sarcoma 

1 (2%) 

HEMATOPOIETIC  SYSTEM 

Blood 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

2 (4%) 

Bone  marrow 

(50) 

*(50) 

(50) 

Fibrous  histioc5ftoma 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymph  node 

(50) 

*(50) 

(50) 

Inguinal,  lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Mediastinal,  fibrous  histiocytoma 

1 (2%) 

Mediastinal,  leukemia  mononuclear 

1 (2%) 

1 (2%) 

Mediastinal,  lymphoma  malignant  lymphocytic 

1 (2%) 

Lymph  node,  mandibular 

(46) 

*(50) 

(47) 

Leukemia  mononuclear 

4 (9%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymph  node,  mesenteric 

(48) 

*(50) 

(50) 

Fibrous  histiocytoma 

1 (2%) 

Leukemia  mononuclear 

3 (6%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 
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TABLE  Bl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

HEMATOPOIETIC  SYSTEM  (Continued) 

Spleen 

(50) 

(50) 

(50) 

Fibrous  histiocytoma 

1 (2%) 

Hemangiosarcoma 

1 (2%) 

Leukemia  mononuclear 

14  (28%) 

20  (40%) 

16  (32%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

Sarcoma 

1 (2%) 

Thymus 

(47) 

♦(50) 

(46) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(50) 

(50) 

(50) 

Adenoma 

1 (2%) 

2 (4%) 

Carcinoma 

1 (2%) 

2 (4%) 

Fibroadenoma 

28  (56%) 

28  (56%) 

22  (44%) 

Leukemia  mononuclear 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Skin 

(50) 

♦(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

Papilloma 

2 (4%) 

Subcutaneous  tissue,  fibroma 

3 (6%) 

Subcutaneous  tissue,  lipoma 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Skeletal  muscle 

♦(50) 

♦(50) 

♦(50) 

Fibrous  histiocytoma 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

NERVOUS  SYSTEM 

Brain 

(50) 

(50) 

(50) 

Carcinoma,  metastatic,  pituitary  gland 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Meningioma  malignant 

1 (2%) 

Oligodendroglioma  malignant 

1 (2%) 

Spinal  cord 

(50) 

(50) 

(50) 

Schwannoma  malignant 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

(50) 

(50) 

Carcinoma,  metastatic,  thyroid  gland 

1 (2%) 

Fibrous  histiocytoma 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

8 (16%) 

10  (20%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Nose 

(50) 

♦(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Trachea 

(50) 

♦(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

SPECIAL  SENSES  SYSTEM 

Eye 

(50) 

(50) 

(49) 

Leukemia  mononuclear 

1 (2%) 

1 (2%) 
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TAHI.K  Bl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

URINARY  SYSTEM 

Kidney 

(50) 

(50) 

(50) 

leukemia  mononuclear 

1 (2%) 

6 (12%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Urinary  bladder 

(49) 

*(50) 

(49) 

I.ymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Sarcoma,  metastatic,  vagina 

1 (2%) 

SYSTEMIC  LESIONS 

Multiple  organs 

♦(50) 

♦(50) 

♦(50) 

lx!ukemia  mononuclear 

15  (30%) 

20  (40%) 

18  (36%) 

Hemangiosarcoma 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

ANIMAL  DISF^OSITION  SUMMARY 

Animals  initially  in  study 

50 

50 

50 

Moribund 

13 

16 

12 

Dead 

4 

1 

9 

Terminal  sacrifice 

33 

33 

29 

TUMOR  SUMMARY 

Total  animals  with  primary  neoplasms  ♦♦ 

46 

48 

43 

Total  primary  neoplasms 

111 

119 

97 

Total  animals  with  benign  neoplasms 

42 

46 

37 

Total  benign  neoplasms 

81 

83 

69 

Total  animals  with  malignant  neoplasms 

25 

27 

24 

Total  malignant  neoplasms 

30 

36 

28 

Total  animals  with  secondary  neoplasms  ♦♦♦ 

2 

2 

Total  secondary  neoplasms 

3 

2 

* Number  of  animals  receiving  complete  necropsy  examination;  all  gross  lesions  including  masses  examined  microscopically. 
**  Primary  tumors:  all  tumors  except  secondary  tumors 

***  Secondary  tumors:  metastatic  tumors  or  tumors  invasive  into  an  adjacent  organ 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  BENZALDEHYDE:  VEHICLE  CONTROL 


WEEKS  ON 
STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Lymphoma  malignant  lymphocytic 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Lymphoma  malignant  lymphocytic 
Intestine  small,  ileum 
Lymphoma  malignant  lymphocytic 
Intestine  small,  jejunum 
Lymphoma  malignant  lymphocytic 
Liver 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Neoplastic  nodule 
Schwannoma  malignant 
Mesentery 

Lymphoma  malignant  lymphocytic 
Sarcoma,  metastatic,  vagina 
Pancreas 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Pharynx 

Papilloma  souamous 
Salivary  glands 

Lymphoma  malignant  lymphocytic 
Stomach 

Stomach,  forestomach 
Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Stomach,  glandular 
Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

cardiovascular  system 

Heart 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Pituitary  gland 
Adenoma 
Carcinoma 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Pars  intermedia,  adenoma 
Thyroid  gland 
Ccell,  adenoma 

GENERAL  BODY  SYSTEM 
None 

GENITAL  SYSTEM 

Clitoral  gland 
Adenoma 
Carcinoma 

Lymphoma  malignant  lymphocytic 
Ovary 

Lymphoma  malignant  lymphocytic 
Uterus 

Lymphoma  malignant  lymphocytic 
Polyp  stromal 
Sarcoma  stromal 
Vagina 
Sarcoma 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

5 

6 

7 

7 

8 

8 

8 

8 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

7 

5 

7 

3 

3 

6 

9 

7 

7 

8 

0 

0 

1 

2 

3 

3 

5 

5 

5 

5 

5 

5 

5 

5 

3 

3 

3 

3 

3 

4 

3 

3 

3 

3 

4 

3 

3 

y 

3 

it 

a 

a 

a 

a 

a 

3 

a 

3 

3 

4 

8 

3 

6 

9 

0 

1 

6 

1 

5 

0 

9 

3 

5 

1 

2 

7 

2 

2 

2 

3 

3 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

2 

2 

1 

2 

2 

2 

2 

3 

1 

1 

2 

3 

4 

3 

4 

4 

5 

5 

+ 

+ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

+ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-h 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-1- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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4 

4 

X 

-h 

4 
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A 
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4 

M 
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4 

X 

-1- 
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4 

4 

4 
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Not  examined 
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A:  Autolysis  precludes  examination 

X;  Incidence  of  listed  morphology 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  VEHICLE  CONTROL 
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WCTTCTOR' 

STUDY 


CARCASS 
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EtophAfUi 
lDt«fUo«  Urg* 

IoUttio«  Urg«, 

Lympboau  mahffnaot  lymphocytic 
loUftioa  larg«,  colon 
loUstiM  larg*.  rtctum 
loUttin#  imall 
InUftino  tmall,  duodanum 
Lymphoma  malignant  lymphocytic 
louuina  %mall.  ilaum 
Lymphoma  malignant  lymphocytic 
lotatlina  imall.  jejunum 
Lymphoma  malignant  lymphocytic 
Liver 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Neopla&tic  nodule 
Schwannoma  malignant 
Metenlery 

Lymphoma  malignant  lymphocytic 
Sarcoma,  metastatic,  vagina 

Pancreas 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Pharyni 

Papilloma  sauamous 
Salivary  glanas 

Lyropnoma  malignant  lymphocytic 
Stomach 

Stomach,  forestomach 
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Lymphoma  malignant  lymphocytic 
Stomach,  glandular 
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Lymphoma  malignant  lymphocytic 

CARDIOVASCUIAirTTSmi 
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ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
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Lymphoma  malignant  lymphocytic 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Pituitary  gland 
Adenoma 
Camnoma 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Pars  intermedia,  adenoma 
Thyroid  gland 
C-cell,  adenoma 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Clitoral  gland 
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Lymphoma  malignant  lymphocytic 
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Lymphoma  malignant  lymphocytic 
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Lymphoma  malignant  lymphocytic 
Polyp  stromal 
Sarcoma  stromal 
Vagina 
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5 
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4 
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M 
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4 

4 
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1 

1 
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4 
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4 
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4 
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1 
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; 1 

+ 

4- 

- 

4 

* 

- 

4 

4 

- 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

4 

4 

X 

X 

X 

X 

X 

X 

97 


r^enzaldehyde,  NTF>  TFt  378 


TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  VEHICLE  CONTROL 

(Continued) 


WEEKS  On 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

STUDY 
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7 

8 
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8 

9 

9 

9 
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0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

7 

5 

7 

3 

3 

6 

9 

7 

7 

8 
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0 

1 

2 

3 

3 

5 

5 

5 

5 

5 

5 

5 

5 

CARCASS 

3 

3 

3 

3 

3 

4 

3 

3 

3 

3 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

ID 

4 
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3 

6 

9 
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1 

6 

1 
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0 

9 

3 

5 

1 

2 

7 

2 

2 

2 

3 

3 
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1 

2 
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L 
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1 

1 

2 

2 

I 

2 

2 

2 

2 

3 

1 

1 

2 

3 

4 

3 

4 

4 

5 

5 

ritMAfOPOIETIC  SYSTtM 
Blood 

+ 

4- 

Bone  marrow 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

Lymphoma  malignant  lymphocytic 

X 

Lymph  node 

In^inal,  lymphoma  malignant 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4- 

lymphoo^ic 

Mediastinal,  leukemia  mononuclear 

X 

X 

Lymph  node,  mandibular 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

+ 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

Lymphoma  malignant  lymphocytic 

X 

Lymph  node,  mesentenc 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

4- 

4- 

+ 

4“ 

4- 

M 

4 

4- 

4- 

Lymphoma  malignant  lymphocytic 

X 

Spleen 

4- 

4- 

-r 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4 

4- 

4 

Hemangiosarcoma 
Leukemia  mononuclear 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

X 

Thymus 

+ 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4- 

Lymphoma  malignant  lymphocytic 

X 

INTEGUMENTARY  SYSTEM 
Mammary  gland 

+ 

4- 

+ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

Adenoma 

Carcinoma 

Fibroadenoma 

Lymphoma  malignant  lymphocytic 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Skin 

-h 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4 

4- 

Subcutaneous  tissue,  lipoma 

X 

MUSCULOSKELETAL  SYSTEM 
Bone 

+ 

•h 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

-h 

4- 

+ 

4- 

4- 

4- 

- 

+ 

4 

4 

4 

4 

NERVOUS  SYSTEM  “ 

Brain 

+ 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

+ 

4 

4 

4 

4- 

Carcinoma,  metastatic,  pituitary  gland 
Meningioma  malignant 
Oligodendroglioma  malignant 

X 

X 

X 

Peripheral  nerve 

M 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4- 

Spinal  cord 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4 

4- 

4 

4- 

RESPIRATORY  SYSTEM 
Lung 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4 

4 

4 

4 

4 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

X 

X 

Nose 

+ 

+ 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Trachea 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

+ 

4- 

4 

4- 

4- 

SPECIAL  SENSES  SYSTEM 

Eye 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4" 

4- 

4- 

+ 

+• 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4- 

4 

urinary  SYSTEM 
Kidney 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

4 

4- 

4 

4- 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

X 

X 

Urinary  bladder 

4- 

-h 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

M 

4- 

4- 

Lymphoma  malignant  lymphocytic 
Sarcoma,  metastatic,  vagina 

X 

X 
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1 
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1 

1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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1 

1 

1 

1 

1 

STUDY 
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0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 
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5 

5 
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5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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3 

3 

3 

3 

a 

3 

3 

3 

3 

a 

a 

3 

3 

4 

4 

3 

a 

3 

3 

4 

TISSUES 

ID 

3 

4 

4 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

7 

9 

9 

9 

0 

0 

8 

8 

8 

8 

0 

TUMORS 

5 

2 

3 

4 

5 

3 

4 

5 

3 

4 

5 

2 

3 

4 

5 

3 

4 

5 

3 

4 

2 

3 

4 

5 

5 

HEM  A 1 uiniLTlL  ^ V^l'btM 

Blood 

2 

Bon«  RUirrow 

+ 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

50 

Lympboou  malignant  lymphocytic 

L 

Lvmph  nod« 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

50 

Inguinal,  lymphoma  malignant 

lymphocytic 

1 

Madiattinal.  leukemia  mononuclear 

1 

Lvmph  node,  mandibular 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4, 

4 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

I 

46 

Lymphoma  malignant  lymphocytic 

1 

Lymph  node,  mesentenc 

4- 

4 

T 

4 

4 

4 

4 

4 

4 

4 

4 

4 

■+■ 

4 

4 

4 

4 

4 

4 

4 

-r- 

4 

4 

4 

48 

Lymphoma  malignant  lymphocytic 

1 

Spleen 

■r 

+ 

4 

4 

-t- 

4 

4 

4 

-t- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

50 

H e ma  n giota  rco  ma 

L 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

X 

14 

Lvmphoma  malignant  lymphocytic 

1 

Lvmphoma  malignant  mixed 

X 

1 

Thymua 

-4 
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4 
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4 
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1 
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+ 

4- 

+• 

4 

4 
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4 

4 

4 

4 

4 
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4- 

4 

4 
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4 

4 

f 

4 

4 

4 
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L 

Camnoma 

X 

1 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Lymphoma  malignant  lymphocytic 

1 

Skin 
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4- 
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4 

4 

4 

4 

4 

4 
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4 

4 
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4 

4 

4 

50 
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1 
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Bone 
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4 

4 

4 

4 
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4 
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4 

4 

4 

4 

4 

4 

50 

NERVOUS  SYSTEM 

Brain 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-*■ 

4 

4 

4 

50 

Carcinoma,  metastatic,  pituitary  gland 

1 

Meningioma  malignant 

1 

Oligodendroglioma  malignant 

1 

Penpheral  nerve 

4- 

4- 

4- 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

- 

47 

Spinal  cord 

-4 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

50 

RESPIRATORY  SYSTEM 

Lung 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

50 

Leukemia  mononuclear 

1 

Lymphoma  malignant  lymphocytic 

I 

Nose 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

— 

-f 

4 

4 

50 

Trachea 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

* 

50 

special  SENSES  SYSTEM 

Eye 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

50 

URINARY  SYSTEM 

Kidney 

4- 

+ 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4- 

4- 

4 

50 

Leukemia  mononuclear 

L 

Lymphoma  malignant  lymphocytic 

L 

Unnarv  bladder 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

— 

4 

- 

4 

49 

Lymphoma  malignant  lymphocytic 

1 

Sarcoma,  metastatic,  vagina 

1 

99 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE:  200  mg/kg 


WEEKS  ON 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

STUDY 

7 

7 

7 

8 

8 

8 

9 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

8 

4 

8 

9 

0 

4 

6 

6 

8 

8 

0 

0 

0 

1 

3 

5 

5 

5 

5 

5 

5 

5 

5 

CAHCASS 

5 

b 

5 

5 

b 

b 

b 

b 

5 

b 

h 

b 

5 

b 

b 

b 

b 

5 

b 

5 

b 

b 

b 

b 

“5“ 

ID 

1 

3 

7 

1 

5 

1 

4 

8 

9 

7 

9 

8 

5 

3 

4 

6 

3 

1 

1 

2 

2 

2 

2 

2 

3 

1 

1 

1 

2 

1 

3 

1 

1 

1 

2 

2 

2 

2 

2 

2 

1 

3 

4 

5 

1 

2 

3 

4 

5 

4 

ALIMENTARY  SYSTEM 
Intestine  large 

+ 

Intestine  large,  cecum 

+ 

Intestine  large,  colon 

4- 

Intestine  large,  rectum 

4- 

Intestine  small 

4- 

4- 

Intestine  small,  duodenum 

4- 

Intestine  small,  ileum 

4- 

Leukemia  mononuclear 

X 

Intestine  small,  jejunum 

4- 

4- 

Schwannoma  malignant 

X 

Liver 

+ 

+ 

+ 

-<r 

-f 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Fibrous  histiocytoma 
Leukemia  mononuclear 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Mesentery 

Leukemia  mononuclear 
Pancreas 

+ 

4“ 

4“ 

4- 

4- 

4- 

Fibrous  histiocytoma 

X 

Stomach 

-i- 

+ 

-4- 

-4- 

-r 

+ 

+ 

4- 

4- 

4- 

+ 

4- 

+ 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

Stomach,  forestomach 

-h 

+ 

-f- 

-f- 

4- 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Fibrous  histiocytoma 

X 

Stomach,  glandular 

+ 

+■ 

-i- 

-!- 

+ 

■f 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-h 

4- 

-h 

4- 

4- 

4- 

4“ 

4- 

Leukemia  mononuclear 

X 

CARDIOVASCULAR  SYSTEM 
Heart 

+ 

+ 

+ 

+ 

+■ 

+■ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 

ENDOCRINE  SYSTEM 
Adrenal  gland 

+ 

-t- 

+ 

+ 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Adrenal  gland,  cortex 

+• 

+ 

+ 

+ 

-h 

+■ 

+ 

-h 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-h 

4- 

4- 

4- 

4- 

Adenoma 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

Adrenal  gland,  medulla 

+ 

+ 

+ 

-t- 

+ 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 
Pheochromocytoraa  benign 
Bilateral,  pheochromocytoma  benign 

X 

Islets,  pancreatic 

4“ 

4- 

Adenoma 

X 

X 

Pituitary  gland 

+ 

+ 

-1- 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

4- 

4- 

+ 

4- 

Adenoma 

Carcinoma 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Thyroid  gland 

+ 

C-cell,  adenoma 
C'Cell,  carnnoma 
Follicular  cell,  carcinoma 

X 

GENERAL  BODY  SYSTEM 

None 

OENITAL  SYSTEM 

Clitoral  gland 

+- 

+ 

-h 

+ 

-r 

+ 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

Adenoma 

Ovary 

Uterus 

4- 

4- 

4- 

Leukemia  mononuclear 

X 

Polyp  stromal 

X 

X 

X 

X 

Vagina 

+■ 

4- 

4- 

4- 

Leukemia  mononuclear 

X 

Benzaldehyde,  NTP  TR  378 
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TAHLK  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  200  mg/kg 

(Continued) 


WBEKSON 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

STUDY 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TOTAL: 

CAJICASS 

5 

b 

b 

b 

b 

5 

b 

5 

b 

b 

b 

b 

b 

5 

b 

5 

5 

5 

5 

b 

(5 

8 

8 

8 

8 

TISSUES 

ID 

3 

4 

4 

4 

5 

5 

5 

6 

6 

6 

6 

7 

7 

7 

8 

8 

8 

9 

9 

9 

0 

0 

0 

0 

0 

TUMORS 

5 

3 

4 

5 

3 

4 

.5 

2 

3 

4 

5 

3 

4 

5 

3 

4 

5 

3 

4 

5 

1 

2 

3 

4 

5 

InUitin*  large 

I 

InleUme  large,  cecum 

L 

Inteitine  large,  colon 

1 

lotetline  large,  rectum 

1 

Intestine  small 

2 

Intestine  small,  duodenum 

1 

Intestine  small,  ileum 

1 

Leukemia  mononuclear 

1 

Intestine  small,  jejunum 

2 

Schwannoma  malignant 

1 

Liver 

+• 

•f 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

50 

Fibrous  histiocytoma 

1 

Leukemia  mononuclear 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

19 

Mesentery 

4- 

5 

Leukemia  mononuclear 

X 

1 

Pancreas 

2 

Fibrous  histiocytoma 
Stomach 

■H 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

1 

50 

Stomach,  forastomach 

■1- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Fibrous  histiocytoma 

1 

Stomach,  glandular 

f 

+ 

4- 

4- 

4- 

4- 

+ 

-1- 

4- 

4- 

4- 

-f 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

50 

Leukemia  mononuclear 

X 

2 

C.UlDIOVASCULAR  SYSTEM 
Heart 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

-4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Leukemia  mononuclear 

X 

1 

Adrenal  gland 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

50 

Adrenal  gland,  cortex 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

50 

Adenoma 

2 

Leukemia  mononuclear 

X 

4 

Adrenal  gland,  medulla 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

49 

Leukemia  mononuclear 

X 

2 

Pheochromocytoma  benign 

X 

X 

2 

Bilateral,  pheochromocytoma  benign 

X 

1 

Islets,  pancreatic 

2 

Adenoma 

2 

Pituitary  gland 

M 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Adenoma 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

31 

Carcinoma 

X 

2 

Leukemia  mononuclear 

X 

X 

3 

Thyroid  gland 

4- 

4- 

4- 

4 

C cell.  adenoma 

X 

1 

C cell,  carcinoma 

X 

1 

Follicular  cell,  carcinoma 

X 

2 

general  body  system 

None 

t 

GENITAL  System 

Clitoral  gland 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Adenoma 

X 

X 

X 

3 

Ovary 

4- 

f 

4- 

3 

Uterus 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

12 

Leukemia  mononuclear 
Polyp  stromal 

X 

X 

X 

X 

1 

8 

Vagina 

4 

Leukemia  mononuclear 

1 

101 


Benzalclehyde,  N'I'P  'I  K 378 


TABLE  B2,  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  200  mg/kg 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


FIEMATOPOIETIC  SYSTEM 

Blood 

Bone  marrow 
Fibrous  histiocytoma 
Leukemia  mononuclear 
Lymph  node 

Mediastinal,  fibrous  histiocytoma 
Lymph  node,  mesentenc 
Fibrous  histiocytoma 
Spleen 

Fibrous  histiocytoma 
Leukemia  mononuclear 


INTEGUMENTAJIY  SYSTEM 

Mammary  gland 
Adenoma 
Fibroadenoma 
Leukemia  mononuclear 
Skin 

Subcutaneous  tissue,  fibroma 

MUSCULOSKELETAL  SYSTEM 
Bone 

Skeletal  muscle 
Fibrous  histiocytoma 

NERVOUS  SYSTEM 

Brain 

Carcinoma,  metastatic,  pituitary  gland 
Peripheral  nerve 
Spinal  cord 

Schwannoma  malignant 

RESPIRATORY  SYSTEM 

Lung 

Carcinoma,  metastatic,  thyroid  gland 
Fibrous  histiocytoma 
Leukemia  mononuclear 

SPECIAL  SENSES  SYSTEM 

Eye 

Leukemia  mononuclear 

URINARY  SYSTEM 

Kidney 

Leukemia  mononuclear 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

7 

7 

7 

8 

8 

8 

9 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

8 

4 

8 

9 

0 

4 

6 

6 

8 

8 

0 

0 

0 

1 

3 

5 

5 

5 

5 

5 

5 

5 

5 

5 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

5 

5 

b 

b 

b 

b 

5 

5 

5 

b 

5 

1 

3 

7 

1 

5 

1 

4 

8 

9 

7 

9 

8 

5 

3 

4 

6 

3 

1 

1 

2 

2 

2 

2 

2 

3 

1 

1 

1 

2 

1 

3 

1 

I 

1 

2 

2 

2 

2 

2 

2 

1 

3 

4 

5 

1 

2 

3 

4 

5 

4 

4- 

4- 

4- 

+ 

X 

X 

4- 

X 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

¥ 

4- 

1 

X 

X 

+ 

+ 

+■ 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

-f 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+■ 

X 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

+■ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

+ 

+ 

4- 

4- 

+ 

4- 

4- 

4“ 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

-f- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4“ 

4- 

+ 

4- 

4- 

-h 

X 

+ 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

1- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

X 

X 

X 

X 

X 

X 

X 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

X 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

X 

X 

X 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  200  mg/kg 

(Continued) 


■ WEEKS  ON 

1 

I 

i 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

STUDY 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TOTAL: 

CARCASS 

5 

!> 

5 

h 

s 

b 

b 

b 

5 

b 

b 

b 

b 

b 

5 

5 

5 

5 

b 

5 

B 

B 

(5 

B 

6 

TISSUES 

ID 

3 

4 

4 

4 

5 

5 

5 

6 

6 

6 

6 

7 

7 

7 

8 

8 

8 

9 

9 

9 

0 

0 

0 

0 

0 

TUMORS 

5 

3 

4 

5 

3 

4 

5 

2 

3 

4 

5 

3 

4 

5 

3 

4 

5 

3 

4 

5 

1 

2 

3 

4 

5 

HEMATOPOIETIC  SVSTCM 
Blood 

4- 

1 

Boo*  marrow 

4- 

5 

Fibroui  histiocytoma 

L 

L«uk*rma  mononuclear 

1 

Lymph  node 

1 

Mediastinal,  fibrous  histiocytoma 

1 

Lymph  node,  meseotenc 
ribrous  histiocytoma 

1 

1 

Spleen 

■h 

4- 

4- 

4- 

4- 

4- 

-t- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

4» 

+ 

4* 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Fibrous  histiocytoma 

I 

Leukemia  mononuclear 

X 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE:  400  mg/kg 


WEEKS  ON 
STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esopliagns 
Intestine  Large 
Intestine  large,  cecum 
Lymphoma  mali^ant  lymphocytic 
Intestine  large,  colon 
Lymphoma  malignant  lymphocytic 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Lymphoma  malignant  lymphocytic 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
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TABLK  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  400  mg/kg 

(Continued) 


WEEKSTSfT 

STUDY 


CARCASS 

ID 


ALIMTNTXRY  5YSTCH 

Etophjfut 
iDUtUct  Urg« 

(nuttio*  Urf*.  c«cum 
Lymphoau  axAlirnant  lymphocytic 
loUtiio*  larf*.  colon 
Lymphoma  malignant  lymphocytic 
InUitioo  largo,  ractum 
Intattina  small 
InUstioa  imall.  duodenum 
Lymphoma  malignant  lymphocytic 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Neoplastic  nodule 
Mesentery 
Pancreas 
Adenoma 

Lymphoma  malignant  lymphocytic 
Salivary  glands 

Lympnoma  malignant  lymphocytic 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Papilloma  squamous 
Stomach,  glandular 
Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

CARDIOVASCULAR  SYSTEM 

Heart 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 

Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochpomocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Adenoma 
Carcinoma 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Pars  intermedia,  adenoma 
Thyroid  gland 
Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
C cell.  adenoma 
Follicular  cell,  adenoma 
Follicular  cell,  carcinoma 

Clk:NERAL  BODY  SYSTEM 
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genital  system 

Clitoral  gland 
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Ovary 
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Polyp  stromal 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  400  mg/kg 

(Continued) 


WEEKS  ON 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

L 

1 

1 

I 

1 

1 

1 

STUDY 

2 

2 

2 

3 

3 

4 

7 

7 

7 

8 

8 

8 

8 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

2 

3 

3 

6 

0 

0 

5 

5 

0 

1 

2 

8 

0 

4 

5 

7 

9 

0 

0 

2 

5 

5 

5 

5 

CARCASS 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

b 

4 

4 

4 

4 

4 

ID 

6 

6 

5 
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3 

7 

9 

4 

4 

8 

2 
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8 

1 

2 

8 

2 

8 

2 

0 

6 
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1 

1 

1 

1 

2 

1 

I 

2 

1 

i 

1 

2 

1 

1 

3 

2 

1 
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4 

3 

5 

4 

1 

3 

2 

3 

4 

5 

KEMATOPOIETIC  SYSTEM 
Blood 

4- 

+ 

LeMkemia  mononuclear 

X 

X 

Bone  marrow 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

X 

X 

Lymph  node 

+■ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

+ 

4- 

4- 

4- 

Inguinal,  lymphoma  malignant 
lymphocjHic 

Mediastinal,  leukemia  mononuclear 
Mediastinal,  lymphoma  malignant 

X 

X 

lymphocytic 

X 

Lymph  node,  mandibular 

+ 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

-1- 

4- 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

X 

X 

X 

X 

X 

Lymph  node,  mesentenc 

+■ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

X 

X 

X 

Spleen 

+ 

4- 

4- 

4- 

-t- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

-f- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 
Sarcoma 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Thymus 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

M 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

iNTEGt/MENtAiiY  SYSTEM 

Mammary  gland 

4- 

4“ 

4- 

4- 

4- 

4- 

4* 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

Carcinoma 
Fibroadenoma 
Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Skin 

+ 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 
Papilloma 

X 

X 

K1sCUL1)SkELETAL  SYSTklM: 
Bone 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

Skeletal  muscle 

4- 

Leukemia  mononuclear 

X 

NEKV0US''SYSTEM 

Brain 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Lymphoma  malignant  lymphocytic 

X 

Peripheral  nerve 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Spinal  cord 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

RESPIRATORY  SYSTEM 
Lung 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

X 

X 

X 

X 

X 

X 

X 

X 

Nose 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

Lymphoma  malignant  lymphocytic 

X 

Trachea 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

Lymphoma  malignant  lymphocytic 

X 

SPECIAL  SEKSES  SYSTEM 

Eye 

+ 

4- 

4- 

I 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 

X 

UT^INAliy  SYSTEM 

Kidney 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Leukemia  mononuclear 
Lymphoma  malignant  lymphocytic 

X 

X 

Urethra 

4- 

Urinary  bladder 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Lymphoma  malignant  lymphocytic 

X 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  400  mg/kg 

(Continued) 


WEtKS  OK  , 
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5 
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5 

5 

5 

5 
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5 

5 

5 

CAHCASS 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

b 

b 

ID 

2 

3 

3 

3 

4 

4 

4 

5 

5 

5 

5 
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7 

7 
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9 
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0 
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4 

5 

3 

5 
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3 

’ 

5 

’ 

5 
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3 

’ 

5 

2 

3 

5 

2 

3 

HEMArOPUTETlC  SYSTEM 
Blood 

Leukemia  mononnclear 
Booe  marrow 

+ 

Leukema  moeooaciear 
Lymphoma  maUgnaot  lymphocvtic 

Lvaph  node 

- 

Ififiinal.  .ymphoma  malignant 
vmphoqkK 

Med.actinai.  .enjcemia  mononuclear 
M«d.ai*..ral.  lymphoma  malignant 

vmpr.orrtic 

Lympn  node,  mandibular 

M 

Leiaema  mononuclear 
Lympr.oma  ma.ignant  lymphocytic 

LtT.pn  node,  mesenterc 

— 

- 

— 

— 

— 

- 

— 

— 

— 

— 

-r 

— 

— 

— 

- 

— 

— 

Leukemia  mononuc.ear 
Lymphoma  ma.ignact  lymphocytic 
Spleen 

Leuaemia  xosoooc.ear 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Lympcoma  ma.ignant  lymphocytic 
Sarcoma 

Thymus 

M 

ISTE'jUMENT.XRy  SYSTEM 

Mammarv  gand 

Carcinoma 

X 

X 

F'.broacenoma 
Leukema  mononuclear 
Lvmpr.oma  maiiguant  lymphocvrx 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Skin 

aoaosuclear 

Papillosia  X 


I 1 i 
0 0 

5 5 ' 

TOTAL: 
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0 0 TUMORS 
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2 
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50 

1 

X 

50 

I 

I 
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X 

50 

3 

X 

50 

16 

X 

46 


50 

2 

22 

"I 

X 

50 

X 


MUSCULOSKELETAL  SYSTEM 

Bone  — — « — « — — 50 

Ska.eta.  =uc.e  X 

Laukeaiia  xoconuclear  X 

NERVOUS  SYSTEM > 

Brain  — - 50 

Lymphoma  mahgnact  lyspbocyt-.c  X 

Penpherai  2er.*e  — -r-r-r  — — — M — — ^ — — 49 

Spinal  cord  — ^ — 50 

respiratory  SYSTEM 

Lung  — - — — — — - — - — — — — - - SO 

Leukex'^  xononuciear  X XX  10 

Lymphoma  malignant  lymphocytic  X 

Nosa  — ^ — — — so 

Lymphoma  ma*.gnact  lymphocytic  X 

Trachea  — — ^ — • — — 50 

Lymphoma  zialignani  lymphocytic  1 


SPECAL  SENSES  SYSTEM 

Eye  — 49 

Letxemia  mononuclear  I 


nUNARY  SYSTEM 

Kidney  50 

Leukemia  mononuclear  X 

Lymphoma  malignant  lymphocytic  I 

Urethra  L 

Unnary  bladcer  — — - — » — — — — — — * — 49 

Lymphoma  malignant  lymphocytic  I 
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TABLE  B3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  BENZALDEHYDE 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Adrenal  Medulla:  Pheochromocytoma 

Overall  Rates  (a) 

5/49(10%) 

3/49(6%) 

3/47(6%) 

Adjusted  Rates  (b) 

13.5% 

9.1% 

10.7% 

Terminal  Rates  (c) 

2/33  (6%) 

3/33  (9%) 

3/28(11%) 

Day  of  First  Observation 

695 

730 

730 

Life  Table  Tests  (d) 

P = 0.366N 

P = 0.369N 

P = 0.455N 

Logistic  Regression  Tests  (d) 

P = 0.382N 

P = 0.348N 

p = 0.474N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.302N 

P = 0.357N 

P = 0.381N 

Adrenal  Medulla:  Pheochromocytoma  or 

Malignant  Pheochromocytoma 

Overall  Rates  (a) 

7/49(14%) 

3/49  (6%) 

5/47(11%) 

Adjusted  Rates  (b) 

18.0% 

9.1% 

16.7% 

Terminal  Rates  (c) 

3/33(9%) 

3/33(9%) 

4/28(14%) 

Day  of  First  Observation 

364 

730 

652 

Life  Table  Tests  (d) 

P = 0.409N 

P = 0.171N 

P = 0.499N 

Logistic  Regression  Tests  (d) 

P = 0.386N 

P = 0.164N 

P = 0.468N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.332N 

P = 0.159N 

P = 0.410N 

Clitoral  Gland:  Adenoma 

Overall  Rates  (a) 

1/45(2%) 

3/50(6%) 

1/48(2%) 

Adjusted  Rates  (b) 

3.6% 

9.1% 

3.7% 

Terminal  Rates  (c) 

1/28(4%) 

3/33(9%) 

1/27(4%) 

Day  of  First  Observation 

730 

730 

730 

Life  Table  Tests  (d) 

P = 0.602 

P = 0.365 

P = 0.754 

Logistic  Regression  Tests  (d) 

P = 0.602 

P = 0.365 

P = 0.754 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.588N 

P = 0.349 

P = 0.736N 

Clitoral  Gland:  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

2/45(4%) 

3/50(6%) 

2/48  (4%) 

Adjusted  Rates  (b) 

6.1% 

9.1% 

7.4% 

Terminal  Rates  (c) 

1/28  (4%) 

3/33  (9%) 

2/27  (7%) 

Day  of  First  Observation 

698 

730 

730 

Life  Table  Tests  (d) 

P = 0.571 

P = 0.552 

P = 0.666 

Logistic  Regression  Tests  (d) 

P = 0.560 

P = 0.562 

P = 0.664 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.567N 

P = 0.550 

P = 0.667N 

Liver:  Neoplastic  Nodule 

Overall  Rates  (a) 

5/50(10%) 

0/50  (0%) 

1/50(2%) 

Adjusted  Rates  (b) 

14.6% 

0.0% 

2.9% 

Terminal  Rates  (c) 

4/33(12%) 

0/33  (0%) 

0/29(0%) 

Day  of  First  Observation 

715 

676 

Life  Table  Tests  (d) 

P = 0.050N 

P = 0.035N 

P=:0.143N 

Logistic  Regression  Tests  (d) 

P = 0.048N 

P = 0.033N 

P=:0.140N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.037N 

P = 0.028N 

P = 0.102N 

Mammary  Gland:  Fibroadenoma 

Overall  Rates  (e) 

(f)  28/50(56%) 

28/50  (56%) 

22/50  (44%) 

Adjusted  Rates  (b) 

71.4% 

64.5% 

62.1% 

Terminal  Rates  (c) 

22/33(67%) 

18/33(55%) 

16/29(55%) 

Day  of  First  Observation 

520 

495 

485 

Life  Table  Tests  (d) 

P = 0.356N 

P = 0.568N 

P = 0.378N 

Logistic  Regression  Tests  (d) 

P = 0.304N 

P = 0.552N 

P = 0.353N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.135N 

P = 0.580N 

P = 0.159N 
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TABLE  B3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Mammary  Gland:  Adenoma  or  Fibroadenoma 

Overall  Rates  (e) 

(f)  29/50(58%) 

30/50(60%) 

22/50  (44%) 

Adjusted  Rates  (b) 

72.2% 

66.1% 

62.1% 

Terminal  Rates  (c) 

22/33  (67%) 

18/33(55%) 

16/29  (55%) 

Day  of  First  Observation 

520 

495 

485 

Life  Table  Tests  (d) 

P = 0.307N 

P = 0.501 

P = 0.316N 

Logistic  Regression  Tests  (d) 

P = 0.235N 

P = 0.528 

P = 0.282N 

Cochran-Armitage  Trend  Test(d) 
Fisher  Exact  Test  (d) 

P = 0.096N 

P = 0.500 

P = 0.115N 

Pituitary  Gland/Pars  Oistalis:  Adenoma 

Overall  Rates  (a) 

23/49  (47%) 

31/49(63%) 

15/49(31%) 

Adjusted  Rates  (b) 

59.4% 

71.4% 

46.7% 

Terminal  Rates  (c) 

17/32(53%) 

20/32(63%) 

12/29(41%) 

Day  of  First  Observation 

463 

495 

676 

Life  Table  Tests  (d) 

P = 0.180N 

P = 0.115 

P = 0.164N 

Logistic  Regression  Tests  (d) 

P = 0.132N 

oo 

o 

o 

II 

a. 

P = 0.146N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.064N 

P = 0.077 

P = 0.073N 

Pituitary  Gland/Pars  Distalis:  Carcinoma 

Overall  Rates  (a) 

3/49  (6%) 

2/49  (4%) 

1/49(2%) 

Adjusted  Rates  (b) 

8.5% 

5.7% 

2.4% 

Terminal  Rates  (c) 

2/32  (6%) 

1/32(3%) 

0/29(0%) 

Day  of  First  Observation 

674 

697 

554 

Life  Table  Tests  (d) 

P = 0.266N 

P = 0.507N 

P = 0.355N 

Logistic  Regression  Tests  (d) 

P = 0.229N 

P = 0.495N 

P = 0.308N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.222N 

P = 0.500N 

P = 0.309N 

Pituitary  Gland/Pars  Distalis:  Adenoma  or 

Carcinoma 

Overall  Rates  (a) 

26/49(53%) 

33149(67%) 

16/49(33%) 

Adjusted  Rates  (b) 

65.7% 

74.5% 

48.0% 

Terminal  Rates  (c) 

19/32(59%) 

21/32(66%) 

12/29(41%) 

Day  of  First  Observation 

463 

495 

554 

Life  Table  Tests  (d) 

P^O.IUN 

P = 0.155 

P = 0.101N 

Logistic  Regression  Tests  (d) 

P = 0.065N 

P = 0.115 

P = 0.074N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.027N 

00 

o 

d 

II 

a, 

P = 0.033N 

Subcutaneous  Tissue:  Fibroma 

Overall  Rates  (e) 

0/50(0%) 

3/50(6%) 

0/50  (0%) 

Adjusted  Rates  (b) 

0.0% 

8.7% 

0.0% 

Terminal  Rates  (c) 

0/33(0%) 

2/33  (6%) 

0/29(0%) 

Day  of  First  Observation 

702 

Life  Table  Tests  (d) 

P = 0.602 

P = 0.121 

(g) 

Logistic  Regression  Tests  (d) 

P = 0.600 

P = 0.120 

(g) 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.639N 

P = 0.121 

(g) 

Thyroid  Gland:  C-Cell  Adenoma 

Overall  Rates  (a) 

2/50(4%) 

(h)  1/4(25%) 

3/50(6%) 

Adjusted  Rates  (b) 

6.1% 

9.49b 

Terminal  Rates  (c) 

2/33(6%) 

2/29(7%) 

Day  of  First  Observation 

730 

629 

Life  Table  Test(d) 

P = 0.442 

Logistic  Regression  Test  (d) 

P = 0.438 

Fisher  Exact  Test  (d) 

P = 0.500 
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TABLE  B3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Thyroid  Gland:  C-Cell  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

2/50  (4%) 

(h)  2/4  (50%) 

3/50  (6%) 

Adjusted  Rates  (b) 

6.1% 

9.4% 

Terminal  Rates  (c) 

2/33  (6%) 

2/29  (7%) 

Day  of  First  Observation 
Life  Table  Test(d) 

Logistic  Regression  Test  (d) 
Fisher  Exact  Test  (d) 

730 

629 

P = 0.442 
P = 0.438 
P = 0.500 

Uterus:  Stromal  Polyp 

Overall  Rates  (e) 

12/50(24%) 

8/50(16%) 

14/50(28%) 

Adjusted  Rates  (b) 

29.6% 

20.6% 

46.4% 

Terminal  Rates  (c) 

7/33(21%) 

4/33(12%) 

13/29(45%) 

Day  of  First  Observation 

364 

491 

659 

Life  Table  Tests  (d) 

P = 0.241 

P = 0.241N 

P = 0.271 

Logistic  Regression  Tests  (d) 
Cochran-Armitage  Trend  Test  (d) 

P = 0.306 
P = 0.380 

P = 0.263N 

P = 0.322 

Fisher  Exact  Test  (d) 

P = 0.212N 

P = 0.433 

Hematopoietic  System:  Mononuclear  Leukemia 

Overall  Rates  (e) 

15/50(30%) 

20/50(40%) 

18/50(36%) 

Adjusted  Rates  (b) 

37.3% 

53.3% 

50.9% 

Terminal  Rates  (c) 

9/33(27%) 

16/33(48%) 

12/29(41%) 

Day  of  First  Observation 

534 

613 

520 

Life  Table  Tests  (d) 

P = 0.163 

P = 0.217 

P = 0.194 

Logistic  Regression  Tests  (d) 
Cochran-Armitage  Trend  Test  (d) 

P = 0.163 
P = 0.301 

P = 0.211 

P = 0.205 

Fisher  Exact  Test  (d) 

P = 0.201 

P = 0.335 

(a)  Number  of  tumor-bearing  animals/number  of  animals  examined  microscopically  at  the  site 

(b)  Kaplan-Meier  estimated  tumor  incidences  at  the  end  of  the  study  after  adjusting  for  intercurrent  mortality 

(c)  Observed  tumor  incidence  in  animals  killed  at  the  end  of  the  study 

(d)  Beneath  the  vehicle  control  incidence  are  the  P values  associated  with  the  trend  test.  Beneath  the  dosed  group  incidence  are 
the  P values  corresponding  to  pairwise  comparisons  between  that  dosed  group  and  the  vehicle  controls.  The  life  table  analysis 
regards  tumors  in  animals  dying  prior  to  terminal  kill  as  being  (directly  or  indirectly)  the  cause  of  death.  The  incidental  tumor 
test  regards  these  lesions  as  nonfatal.  The  Cochran-Armitage  and  Fisher  exact  tests  compare  directly  the  overall  incidence 
rates.  A negative  trend  or  a lower  incidence  in  a dosed  group  than  in  vehicle  controls  is  indicated  by  ( N ). 

(e)  Number  of  tumor-bearing  animals/number  of  animals  examined  grossly  at  the  site 

(f)  A carcinoma  was  also  observed  in  an  animal  bearing  a fibroadenoma. 

(g)  No  P value  is  reported  because  no  tumors  were  observed  in  the  400  mg/kg  and  vehicle  control  groups. 

(h)  Incomplete  sampling  of  tissues 
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TABLE  B4.  HISTORICAL  INCIDENCE  OF  FORESTOMACH  SQUAMOUS  CELL  TUMORS  IN  FEMALE 
F344/N  RATS  ADMINISTERED  CORN  OIL  BY  GAVAGE  (a) 


Study 

Incidence  of  Papillomas  or  Carcinomas  in  Vehicle  Controls 

Historical  Incidence  at  Southern  Research  Institute 

Ethyl  acrylate 

1/50 

Benzyl  acetate 

0/49 

Allyl  isovalerate 

1/50 

HC  Red  No.  3 

0/50 

C.I.  Acid  Orange  3 

0/50 

Chlorinated  paraffins  (C23, 43%  chlorine) 

0/50 

Chlorinated  paraffins  (C12. 60%  chlorine) 

0/50 

Allyl  isothiocyanate 

0/50 

Geranyl  acetate 

1/50 

TOTAL 

(b)  3/449  (0.7%) 

SD  (c) 

1.00% 

Range (d) 

High 

1/50 

Low 

0/50 

Overall  Historical  Incidence 

TOTAL 

(6)9/2,085(0.4%) 

SD  (c) 

0.95% 

Range (d) 

High 

(b)  2/49 

Low 

0/50 

(a)  Data  as  of  May  12, 1988,  for  studies  of  at  least  104  weeks 

(b)  All  squamous  cell  papillomas 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(e)  Includes  one  papilloma,  NOS,  seven  squamous  cell  papillomas,  and  one  squamous  cell  carcinoma 
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TABLE  B5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS  IN  THE 

TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE 


Vehicle  Control 

200  mgAcg 

400  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Animals  removed 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

ALIMENTARY  SYSTEM 

Intestine  large,  cecum 

(49) 

(1) 

(50) 

Parasite  metazoan 

1 (2%) 

5 (10%) 

Intestine  large,  colon 

(49) 

(1) 

(50) 

Parasite  metazoan 

3 (6%) 

1 (2%) 

Intestine  large,  rectum 

(48) 

(1) 

(50) 

Parasite  metazoan 

4 (8%) 

5 (10%) 

Intestine  small,  duodenum 

(49) 

(1) 

(46) 

Erosion 

1 (2%) 

Liver 

(50) 

(50) 

(50) 

Angiectasis 

1 (2%) 

4 (8%) 

Basophilic  focus 

41  (82%) 

43  (86%) 

36  (72%) 

Clear  cell  focus 

2 (4%) 

4 (8%) 

3 (6%) 

Developmental  malformation 

4 (8%) 

10  (20%) 

7 (14%) 

Focal  cellular  change 

3 (6%) 

2 (4%) 

Granuloma 

13  (26%) 

15  (30%) 

21  (42%) 

Hematopoietic  cell  proliferation 

2 (4%) 

2 (4%) 

1 (2%) 

Inflammation,  chronic 

4 (8%) 

9 (18%) 

3 (6%) 

Mixed  cell  focus 

1 (2%) 

1 (2%) 

Bile  duct,  cyst  multilocular 

1 (2%) 

Bile  duct,  hyperplasia 

25  (50%) 

19  (38%) 

12  (24%) 

Centrilobular,  atrophy 

1 (2%) 

5 (10%) 

4 (8%) 

Hepatocyte,  hyperplasia,  nodular 

2 (4%) 

5 (10%) 

7 (14%) 

Hepatocyte,  vacuolization  cytoplasmic 

3 (6%) 

4 (8%) 

1 (2%) 

Kupffer  cell,  hyperplasia 

1 (2%) 

Kupffer  cell,  pigmentation 

2 (4%) 

3 (6%) 

Lobules,  necrosis 

3 (6%) 

6 (12%) 

4 (8%) 

Mesentery 

(9) 

(5) 

(6) 

Accessory  spleen 

1 (17%) 

Infiltration  cellular,  histiocytic 

1 (11%) 

Artery,  hypertrophy 

2 (33%) 

Artery,  inflammation,  chronic  active 

2 (33%) 

Fat,  inflammation,  chronic 

1 (20%) 

Fat,  inflammation,  granulomatous 

2 (22%) 

2 (40%) 

1 (17%) 

Fat,  inflammation,  suppurative 

1 (17%) 

Fat,  mineralization 

3 (60%) 

1 (17%) 

Fat,  necrosis 

6 (67%) 

5 (100%) 

3 (50%) 

Pancreas 

(48) 

(2) 

(50) 

Atrophy 

4 (8%) 

1 (50%) 

2 (4%) 

Ectopic  tissue 

1 (2%) 

Hyperplasia,  nodular 

5 (10%) 

5 (10%) 

Inflammation,  chronic 

2 (4%) 

Salivary  glands 

(50) 

(50) 

Ectasia 

1 (2%) 

Inflammation,  chronic 

2 (4%) 

Stomach,  forestomach 

(50) 

(50) 

(50) 

Edema 

2 (4%) 

1 (2%) 

Fibrosis 

1 (2%) 

Inflammation,  chronic 

2 (4%) 

2 (4%) 

Inflammation,  suppurative 

1 (2%) 

Mineralization 

1 (2%) 

Ulcer 

1 (2%) 

1 (2%) 

1 (2%) 

Mucosa,  dysplasia 

1 (2%) 

Mucosa,  hyperplasia 

5 (10%) 

2 (4%) 

3 (6%) 
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TABLE  B5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

ALIMENTARY  SYSTEM  (Continued) 

Stomach,  glandular 

(50) 

(50) 

(50) 

Cyst 

1 (2%) 

Edema 

1 (2%) 

Erosion 

1 (2%) 

3 (6%) 

Inflammation,  granulomatous 

1 (2%) 

1 (2%) 

Mineralization 

5 (10%) 

8 (16%) 

1 (2%) 

Ulcer 

1 (2%) 

1 (2%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

(50) 

(50) 

Cardiomyopathy 

20  (40%) 

15  (30%) 

19  (38%) 

Thrombus 

1 (2%) 

Epicardium,  inflammation,  chronic  active 

1 (2%) 

Myocardium,  inflammation,  chronic 

7 (14%) 

8 (16%) 

1 (2%) 

Myocardium,  mineralization 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(50) 

(50) 

(50) 

Accessory  adrenal  cortical  nodule 

8 (16%) 

8 (16%) 

3 (6%) 

Angiectasis 

5 (10%) 

7 (14%) 

8 (16%) 

Basophilic  focus 

1 (2%) 

1 (2%) 

Clear  cell  focus 

9 (18%) 

10  (20%) 

8 (16%) 

Cyst  multilocular 

1 (2%) 

Hemorrhage 

2 (4%) 

Hyperplasia 

6 (12%) 

5 (10%) 

5 (10%) 

Necrosis 

3 (6%) 

Vacuolization  cytoplasmic,  diffuse 

1 (2%) 

3 (6%) 

Adrenal  gland,  medulla 

(49) 

(49) 

(47) 

Cyst 

1 (2%) 

Fibrosis 

1 (2%) 

Hyperplasia 

1 (2%) 

4 (8%) 

1 (2%) 

Inflammation,  chronic 

1 (2%) 

Islets,  pancreatic 

(48) 

(2) 

(50) 

Hyperplasia 

1 (2%) 

Pituitary  gland 

(49) 

(49) 

(49) 

Pars  distalis,  angiectasis 

3 (6%) 

4 (8%) 

8 (16%) 

Parsdistalis,  cyst 

14  (29%) 

15  (31%) 

9 (18%) 

Pars  distalis,  hyperplasia 

4 (8%) 

4 (8%) 

10  (20%) 

Pars  distalis,  pigmentation 

1 (2%) 

1 (2%) 

2 (4%) 

Pars  intermedia,  angiectasis 

1 (2%) 

Pars  intermedia,  cyst 

2 (4%) 

1 (2%) 

Pars  intermedia,  hyperplasia 

1 (2%) 

Pars  nervosa,  hyperplasia 

1 (2%) 

1 (2%) 

Thyroid  gland 

(50) 

(4) 

(50) 

Ultimobranchial  cyst 

1 (2%) 

1 (2%) 

C-cell,  hyperplasia 

7 (14%) 

1 (25%) 

7 (14%) 

Follicle,  cyst 

1 (2%) 

1 (25%) 

Follicular  cell,  hyperplasia 

1 (2%) 

1 (2%) 

GENERAL  BODY  SYSTEM 

None 
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TABLE  B5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

GENITAL  SYSTEM 

Clitoral  gland 

(45) 

(50) 

(48) 

Ectasia 

6 (13%) 

2 (4%) 

7 (15%) 

Hyperplasia 

3 (7%) 

1 (2%) 

7 (15%) 

Inflammation,  chronic 

6 (13%) 

6 (12%) 

4 (8%) 

Inflammation,  suppurative 

6 (13%) 

2 (4%) 

12  (25%) 

Metaplasia,  squamous 

1 (2%) 

Ovary 

(49) 

(3) 

(50) 

Atrophy 

1 (2%) 

Cyst 

4 (8%) 

2 (67%) 

7 (14%) 

Hemorrhage 

1 (2%) 

Inflammation,  chronic 

1 (2%) 

Uterus 

(49) 

(12) 

(50) 

Angiectasis 

1 (2%) 

Cyst 

3 (25%) 

1 (2%) 

Hemorrhage 

1 (8%) 

2 (4%) 

Hydrometra 

2 (4%) 

1 (8%) 

1 (2%) 

Hyperplasia,  cystic 

4 (8%) 

1 (8%) 

4 (8%) 

Inflammation,  suppurative 

1 (2%) 

1 (8%) 

1 (2%) 

Necrosis 

1 (2%) 

Endometrium,  dysplasia 

1 (2%) 

HEMATOPOIETIC  SYSTEM 

Blood 

(2) 

(1) 

(2) 

Anemia 

1 (50%) 

1 (100%) 

2 (100%) 

Leukocytosis 

1 (50%) 

Bone  marrow 

(50) 

(5) 

(50) 

Hyperplasia,  reticulum  cell 

3 (6%) 

1 (20%) 

5 (10%) 

Myelofibrosis 

1 (2%) 

Proliferation 

3 (6%) 

Lymph  node 

(50) 

(1) 

(50) 

Mediastinal,  hyperplasia,  plasma  cell 

1 (2%) 

Lymph  node,  mandibular 

(46) 

(47) 

Hyperplasia,  plasma  cell 

1 (2%) 

2 (4%) 

Lymphatic,  dilatation 

2 (4%) 

1 (2%) 

Lymph  node,  mesenteric 

(48) 

(1) 

(50) 

Depletion 

1 (2%) 

Hemorrhage 

1 (2%) 

2 (4%) 

Pigmentation 

1 (2%) 

Spleen 

(50) 

(50) 

(50) 

Congestion 

1 (2%) 

1 (2%) 

Fibrosis 

1 (2%) 

1 (2%) 

Hematopoietic  cell  proliferation 

6 (12%) 

10  (20%) 

4 (8%) 

Hyperplasia,  re  cell 

1 (2%) 

1 (2%) 

Necrosis 

2 (4%) 

Pigmentation,  hemosiderin 

3 (6%) 

7 (14%) 

7 (14%) 

Lymphoid  follicle,  atrophy 

1 (2%) 

Red  pulp,  atrophy 

1 (2%) 

1 (2%) 

Thymus 

(47) 

(46) 

Cyst 

1 (2%) 

1 (2%) 

Fibrosis 

1 (2%) 
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TABLE  B5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(50) 

(50) 

(50) 

Hyperplasia,  cystic 

43  (86%) 

45  (90%) 

32  (64%) 

Hyperplasia,  lobular 

8 (16%) 

10  (20%) 

3 (6%) 

Skin 

(50) 

(29) 

(50) 

Acanthosis 

1 (2%) 

1 (3%) 

Fibrosis 

1 (2%) 

Inflammation,  chronic 

1 (3%) 

Inflammation,  suppurative 

1 (2%) 

Ulcer 

1 (2%) 

Nipple,  hypertrophy 

1 (3%) 

Subcutaneous  tissue,  inflammation. 

granulomatous 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Bone 

(50) 

(50) 

(50) 

Cranium,  hyperostosis 

6 (12%) 

7 (14%) 

1 (2%) 

Femur,  hyperostosis 

7 (14%) 

7 (14%) 

1 (2%) 

Sternum,  hyperostosis 

1 (2%) 

NERVOUS  SYSTEM 

Brain 

(50) 

(50) 

(50) 

Compression 

7 (14%) 

16  (32%) 

3 (6%) 

Hemorrhage 

2 (4%) 

Hydrocephalus 

2 (4%) 

1 (2%) 

1 (2%) 

Inflammation,  chronic 

2 (4%) 

Vacuolization  cytoplasmic 

1 (2%) 

Peripheral  nerve 

(47) 

(50) 

(49) 

Inflammation,  chronic 

1 (2%) 

1 (2%) 

1 (2%) 

Spinal  cord 

(50) 

(50) 

(50) 

Hemorrhage 

1 (2%) 

1 (2%) 

Axon,  white  matter,  degeneration 

1 (2%) 

Gray  matter,  degeneration 

2 (4%) 

1 (2%) 

1 (2%) 

Parenchyma,  white  matter,  degeneration. 

multifocal 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

(50) 

(50) 

Congestion 

2 (4%) 

2 (4%) 

4 (8%) 

Fibrosis 

1 (2%) 

Infiltration  cellular,  histiocytic 

26  (52%) 

14  (28%) 

14  (28%) 

Inflammation,  chronic 

1 (2%) 

1 (2%) 

Inflammation,  suppurative 

1 (2%) 

Alveolar  epithelium,  hyperplasia 

2 (4%) 

2 (4%) 

2 (4%) 

Mediastinum,  inflammation,  chronic  active 

1 (2%) 

Subpleura,  inflammation,  chronic  active 

1 (2%) 

Nose 

(50) 

(50) 

Exudate 

4 (8%) 

6 (12%) 

Fungus 

1 (2%) 

Inflammation,  chronic 

2 (4%) 

Mucosa,  hyperplasia 

1 (2%) 

Mucosa,  metaplasia,  squamous 

2 (4%) 

Trachea 

(50) 

(50) 

Exudate 

1 (2%) 

Inflammation,  chronic 

1 (2%) 

Mucosa,  metaplasia,  squamous 

1 (2%) 
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TABLE  B5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

SPECIAL  SENSES  SYSTEM 

Eye 

(50) 

(50) 

(49) 

Cataract 

21  (42%) 

19  (38%) 

25  (51%) 

Hemorrhage 

1 (2%) 

Cornea,  inflammation,  chronic 

1 (2%) 

Cornea,  neovascularization 

1 (2%) 

Retina,  atrophy 

43  (86%) 

42  (84%) 

40  (82%) 

Sclera,  mineralization 

5 (10%) 

11  (22%) 

6 (12%) 

URINARY  SYSTEM 

Kidney 

(50) 

(50) 

(50) 

Angiectasis 

1 (2%) 

Cyst 

2 (4%) 

Fibrosis 

1 (2%) 

Hemorrhage 

1 (2%) 

Hydronephrosis 

2 (4%) 

Infarct 

1 (2%) 

1 (2%) 

1 (2%) 

Inflammation,  chronic 

3 (6%) 

7 (14%) 

1 (2%) 

Inflammation,  suppurative 

1 (2%) 

3 (6%) 

Mineralization 

43  (86%) 

45  (90%) 

41  (82%) 

Nephropathy 

33  (66%) 

41  (82%) 

34  (68%) 

Papilla,  necrosis 

1 (2%) 

Renal  tubule,  cytoplasmic  alteration 

1 (2%) 

Renal  tubule,  degeneration 

2 (4%) 

3 (6%) 

Renal  tubule,  dilatation 

2 (4%) 

Renal  tubule,  necrosis 

1 (2%) 

1 (2%) 

Renal  tubule,  pigmentation 

2 (4%) 

Transitional  epithelium,  hyperplasia 

2 (4%) 

2 (4%) 

Urethra 

(1) 

Calculus  micro  observation  only 

1 (100%) 

Inflammation,  suppurative 

1 (100%) 

Mucosa,  hyperplasia 

1 (100%) 

Urinary  bladder 

(49) 

(49) 

Edema 

1 (2%) 

Hemorrhage 

1 (2%) 

Inflammation,  suppurative 

1 (2%) 

Mineralization 

1 (2%) 

Ulcer 

1 (2%) 

Mucosa,  hyperplasia 

3 (6%) 
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TABLE  Cl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Animals  removed 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

ALIMENTARY  SYSTEM 

Intestine  small, jejunum 

(50) 

*(50) 

(49) 

Adenocarcinoma 

1 (2%) 

1 (2%) 

1 (2%) 

Polyp  adenomatous 

1 (2%) 

Payer’s  patch,  lymphoma  malignant  mixed 

1 (2%) 

Liver 

(50) 

*(50) 

(50) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Hemangioma 

1 (2%) 

Hemangiosarcoma 

1 (2%) 

Hepatocellular  carcinoma 

12  (24%) 

6 (12%) 

7 (14%) 

Hepatocellular  adenoma 

8 (16%) 

6 (12%) 

13  (26%) 

Hepatocellular  adenoma,  multiple 

1 (2%) 

Histiocytic  sarcoma 

1 (2%) 

Lymphoma  malignant  histiocytic 

2 (4%) 

Lymphoma  malignant  mixed 

1 (2%) 

Mesentery 

*(50) 

*(50) 

*(50) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Hemangiosarcoma 

1 (2%) 

Pancreas 

(50) 

*(50) 

(49) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Stomach,  forestomach 

(50) 

(49) 

(50) 

Papilloma  squamous 

1 (2%) 

2 (4%) 

5 (10%) 

Stomach,  glandular 

(50) 

(49) 

(50) 

Sarcoma 

1 (2%) 

CARDIOVASCULAR  SYSTEM 

None 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(50) 

*(50) 

(50) 

Spindle  cell,  adenoma 

2 (4%) 

Adrenal  gland,  medulla 

(49) 

*(50) 

(50) 

Pheochromocytoma  benign 

2 (4%) 

2 (4%) 

Islets,  pancreatic 

(50) 

*(50) 

(49) 

Adenoma 

1 (2%) 

1 (2%) 

Pituitary  gland 

(44) 

*(50) 

(47) 

Pars  distalis,  adenoma 

1 (2%) 

1 (2%) 

Thyroid  gland 

(49) 

*(50) 

(49) 

Follicular  ceil,  adenoma 

2 (4%) 

1 (2%) 

Follicular  cell,  carcinoma 

2 (4%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Prostate 

(49) 

*(50) 

(50) 

Lymphoma  malignant  mixed 

1 (2%) 

Testes 

(50) 

*(50) 

(50) 

Interstitial  cell,  adenoma 

1 
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TABLE  Cl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

HEMATOPOIETIC  SYSTEM 

Lymph  node 

(50) 

*(50) 

(50) 

Iliac,  lymphoma  malignant  mixed 

2 (4%) 

Inguinal,  lymphoma  malignant  histiocytic 

1 (2%) 

Mediastinal,  lymphoma  malignant  histiocytic 

1 (2%) 

Mediastinal,  lymphoma  malignant  mixed 

1 (2%) 

Pancreatic,  lymphoma  malignant  histiocytic 

1 (2%) 

Renal,  lymphoma  malignant  histiocytic 

1 (2%) 

Renal,  lymphoma  malignant  mixed 

1 (2%) 

Lymph  node,  mandibular 

(46) 

♦(50) 

(47) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  mixed 

3 (6%) 

Lymph  node,  mesenteric 

(46) 

*(50) 

(48) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Histiocytic  sarcoma 

1 (2%) 

Lymphoma  malignant  histiocytic 

2 (4%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

2 (4%) 

Spleen 

(50) 

*(50) 

(50) 

Fibrosarcoma 

1 (2%) 

Hemangiosarcoma 

1 (2%) 

1 (2%) 

Hemangiosarcoma,  metastatic,  mesentery 

1 (2%) 

Lymphoma  malignant  histiocytic 

2 (4%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

3 (6%) 

Thymus 

(41) 

*(50) 

(45) 

Lymphoma  malignant  mixed 

1 (2%) 

INTEGUMENTARY  SYSTEM 

Skin 

(50) 

*(50) 

(50) 

Papilloma  squamous 

1 (2%) 

Subcutaneous  tissue,  fibroma 

2 (4%) 

1 (2%) 

3 (6%) 

Subcutaneous  tissue,  fibrosarcoma 

3 (6%) 

3 (6%) 

4 (8%) 

Subcutaneous  tissue,  sarcoma 

1 (2%) 

Subcutaneous  tissue,  sarcoma,  multiple 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Skeletal  muscle 

*(50) 

*(50) 

*(50) 

Alveolar/bronchiolar  carcinoma,  metastatic. 

lung 

1 (2%) 

Hemangiosarcoma,  metastatic,  mesentery 

1 (2%) 

NERVOUS  SYSTEM 

None 

RESPIRATORY  SYSTEM 

Lung 

(50) 

*(50) 

(50) 

Alveolar/bronchiolar  adenoma 

6 (12%) 

2 (4%) 

1 (2%) 

Alveolar/bronchiolar  carcinoma 

3 (6%) 

2 (4%) 

5 (10%) 

Carcinoma,  metastatic,  harderian  gland 

1 (2%) 

Fibrosarcoma,  metastatic,  skin 

2 (4%) 

Hepatocellular  carcinoma,  metastatic,  liver 

2 (4%) 

1 (2%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

1 (2%) 

Mediastinum,  alveolar/bronchiolar  carcinoma. 

metastatic,  lung 

1 (2%) 

Mediastinum,  fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Benzaldehyde,  NTP  TR  378 
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TABLE  Cl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

RESPIRATORY  SYSTEM  (Continued) 

Nose 

Carcinoma,  metastatic,  harderian  gland 

(50) 

1 (2%) 

♦(50) 

(50) 

SPECIAL  SENSES  SYSTEM 
Harderian  gland 
Adenoma 
Carcinoma 

♦(50) 

2 (4%) 
1 (2%) 

♦(50) 

2 (4%) 

♦(50) 

2 (4%) 

URINARY  SYSTEM 
Urinary  bladder 
Papilloma 

(50) 

♦(50) 

(50) 

1 (2%) 

SYSTEMIC  LESIONS 

Multiple  organs 

♦(50) 

♦(50) 

♦(50) 

Lymphoma  malignant  mixed 

1 (2%) 

3 (6%) 

Hemangioma 

1 (2%) 

Hemangiosarcoma 

1 (2%) 

1 (2%) 

2 (4%) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

Lymphoma  malignant  histiocytic 

2 (4%) 

ANIMAL  DISPOSITION  SUMMARY 

Animals  initially  in  study 

50 

50 

50 

Dead 

5 

4 

3 

Moribund 

9 

11 

13 

Terminal  sacrifice 

32 

33 

31 

Gavage  death 

3 

2 

1 

Dosing  accident 

1 

1 

Natural  death 

1 

TUMOR  SUMMARY 

Total  animals  with  primary  neoplasms  ♦♦ 

36 

26 

40 

Total  primary  neoplasms 

50 

32 

62 

Total  animals  with  benign  neoplasms 

21 

13 

28 

Total  benign  neoplasms 

27 

13 

35 

Total  animals  with  malignant  neoplasms 

20 

17 

25 

Total  malignant  neoplasms 

23 

19 

27 

Total  animals  with  secondary  neoplasms  ♦♦♦ 

4 

1 

3 

Total  secondary  neoplasms 

8 

5 

3 

* Number  of  animals  receiving  complete  necropsy  examination;  all  gross  lesions  including  masses  examined  microscopically. 
**  Primary  tumors:  all  tumors  except  secondary  tumors 

***  Secondary  tumors:  metastatic  tumors  or  tumors  invasive  into  an  adjacent  organ 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE 

STUDY  OF  BENZALDEHYDE:  VEHICLE  CONTROL 


WEEKS  ON 
STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 
Esophagus 
Gallblaader 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Adenocarcinoma 

Peyer’s  patch,  lymphoma  malignant 
mixed 
Liver 

Hemangioma 
Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Mesentery 
Hemangiosarcoma 
Pancreas 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Papilloma  squamous 
Stomach,  glandular 
Sarcoma 
Tooth 

CARDIOVASCULAR  'SYSTEM 

Heart 


ENDOCRINE  SYSTEM 
Adrenal  gland 
Adrenal  gland,  cortex 
Adrenal  gland,  medulla 
Pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 
Follicular  cell,  adenoma 


GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 
Epididymis 
Preputial  gland 
Prostate 

Lymphoma  malignant  mixed 
Seminal  vesicle 
Testes 

UEmTOPOIETTC  SYSTEM 

Blood 

Bone  marrow 
Lymph  node 

Lymph  node,  mandibular 
Lymph  node,  mesenteric 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcoma,  metastatic,  mesentery 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  mixed 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

6 

6 

8 

8 

8 

8 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

2 

4 

5 

0 

3 

3 

7 

2 

5 

5 

7 

0 

2 

3 

5 

6 

6 

6 

6 

6 

6 

6 

1 

0 

U 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

6 

7 

3 

2 

8 

5 

9 

7 

1 

8 

8 

4 

1 

3 

6 

9 

1 

1 

1 

2 

2 

2 

2 

1 

L 

1 

1 

1 

L 

1 

2 

1 

3 

1 

2 

3 

1 

2 

2 

2 

2 

3 

4 

5 

2 

3 

4 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

M 

4 

4 

M 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-I- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4 

4 

4 

4 

4 

4 

4 

+■ 

4 

4 

+ 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-1“ 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+■ 

4 

4 

4 

4 

4 

4 

-h 

4 

4 

4 

4 

4 

A 

4- 

4 

4 

4 

4 

4 

4 

4 

i- 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

+ 

4 

4 

4 

4 

-h 

4 

4 

X 

-t- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

+■ 

4 

4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4 

4 

4 

4 

X 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 
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4 

4 

4 
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4 
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4 
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4 
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4- 

4 
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4 

- 

4 

4 

4“ 

4 

4 
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4 
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4 

4 

4 
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4 
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4 

4 

4 

4 
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- 
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4 
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4- 

4 

4 
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4 
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4 
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4 
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4 
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4 

+■ 

4 
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4- 

4 

4 
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4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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4 
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4 
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4 
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4 

4 

4 

4 
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4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-h 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

4 

M 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

M 

4 

4 

4 

4 

X 

Tissue  examined  microscopically 
Not  examined 

Present  but  not  examined  microscopically 
Insufficient  tissue 


M:  Missing 

A:  Autolysis  precludes  examination 

X;  Incidence  of  listed  morphology 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMEVTARV^YSTEH 

Etophagui 
GallblAddar 
Intattina  largv 
InUttioe  large,  cecum 
Intettine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Ade  noca  m no  m a 

Fever's  patch,  lymphoma  malignant 
mixed 
Liver 

Hemangioma 
Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Mesentery 
Hemangiosarcoma 
Pancreas 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Papilloma  squamous 
Stomach,  glandular 
Sarcoma 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adrenal  gland,  medulla 
Pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Pituitary  gland 
Pars  distaUs.  adenoma 
Thyroid  gland 
Follicular  cell,  adenoma 

CENERAT  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Epididymis 
Preputial  gland 
Prostate 

Lymphoma  malignant  mixed 
Seminal  vesicle 
Testes 

HEMATOPOIETIC  SYSTEM 
Blood 

Bone  marrow 
Lymph  node 

Lymph  node,  mandibular 
Lymph  node,  mesenteric 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcoma,  meta.,  mesentery 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  mixed 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

L 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

TOTAL; 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

TISSUES 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

8 

8 

9 

9 

9 

0 

0 

0 

0 

TUMORS 

3 

4 

5 

2 

3 

4 

5 

3 

4 

5 

3 

4 

5 

2 

4 

5 

4 

5 

3 

4 

5 

2 

3 

4 

5 

+ 

4“ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4» 

4- 

4- 

4- 

4- 

50 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


INTEGUMENTARY  SYSTEM 
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Papilloma  squamous 
Subcutaneous  tissue,  fibroma 
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Alveolar/bronchiolar  carcinoma, 
metastatic,  lung 

Hemangiosarcoma,  metastatic,  mesentery 
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TAHLK  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  VEHICLE  CONTROL 

(Continued) 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE 

STUDY  OF  BENZALDEHYDE:  200  mg/kg 
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Histiocytic  sarcoma 

Lymphoma  malignant  lymphocytic 

X 

X 

Spleen 

4- 

4- 

4- 

4- 

Fibrosarcoma 

X 

Hemangiosarcoma 

Lymphoma  malignant  lymphocytic 

X 

X 

integumentary  SYSTEM 

Skin 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  sarcoma,  multiple 

X 

X 

MUSCULOSKELETAL  SYSTEM 
Skeletal  muscle 

NERVOUS  SYSTEM 

None 

RESPIRATORY  SYSTEM 

Lung 

-t- 

4- 

4- 

4- 

4- 

4- 

4- 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Mediastinum,  fibrosarcoma,  metastatic. 

X 

X 

spleen 

Trachea 

X 

SPECIAL  SENSES  SYSTEM 
Eye 

Harderian  gland 

Adenoma 

URINARY  SYSTEM 

Kidney 

Urinary  bladder 

-h 

4- 

Benzaldehyde,  NTP  TR  378 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  200  mg/kg 

(Continued) 


WEEKS  ON 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

STUDY 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

TOTAL: 

CARCASS 

'J 

‘J 

‘i 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

‘2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

TISSUES 

ID 

3 

3 

5 

3 

4 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

8 

8 

8 

8 

9 

0 

0 

0 

0 

TUMORS 

4 

5 

4 

1 

3 

4 

5 

2 

3 

5 

3 

4 

5 

3 

4 

5 

2 

3 

4 

5 

5 

2 

3 

4 

5 

AnMENTAHY  SYSTEM 

Etophagus 

2 

Intestine  small 

+ 

2 

Intestine  small,  duodenum 
Intestine  small,  ileum 

1 

Intestine  small,  jejunum 

+ 

2 

Adenocarcinoma 

X 

1 

Liver 

•i- 

+ 

+ 

+ 

+ 

+ 

+ 

-1- 

18 

Fibroiarcoma,  metastatic,  spleen 

1 

Hepatocellular  carcinoma 

X 

X 

6 

Hepatocellular  adenoma 

X 

X 

6 

Histiocytic  sarcoma 

1 

Mesentery 

+ 

+ 

+ 

-f- 

5 

Fibrosarcoma,  metastatic,  spleen 

1 

Pancreas 

+ 

2 

Fibrosarcoma,  metastatic,  spleen 

1 

Stomach 

+ 

+■ 

+ 

4- 

+ 

+ 

-f 

+ 

+■ 

+ 

+ 

-h 

+ 

+ 

+ 

+ 

+ 

49 

Stomach,  forestomach 

+ 

+ 

+ 

+ 

4- 

-h 

+ 

+ 

+ 

+ 

+- 

-1- 

+■ 

4- 

+ 

49 

Papilloma  squamous 

X 

2 

Stomach,  glandular 

+ 

+ 

-I- 

+ 

+• 

+ 

+■ 

+ 

+ 

+ 

+ 

+■ 

+ 

+ 

+ 

+ 

+ 

49 

Ton^e 

Tooth 

1 

1 

CARDTOVASCULARsyStem 

Heart 

1 

ENDOCRINE  SYSTEM 

None 


GENERAL  BOUY  SYSTEM 

None 

GENITAL  SYSTEM  

Coagulating  gland 
Penis 

Preputial  gland 
Seminal  vesicle 

HEMATOPOIETIC  SYSTEM 

Blood 

Lymph  node 
Lymph  node,  mesenteric 
Fibrosarcoma,  metastatic,  spleen 
Histiocytic  sarcoma 
Lymphoma  malignant  lymphocytic 
Spleen 

Fibrosarcoma 

Hemangiosarcoma 

Lymphoma  malignant  lymphocytic 


integumeNtAry  system 

Skin 

Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  sarcoma,  multiple 


X 


3 

I 


MUSCULOSKELETAL  SYSTEM 

Skeletal  muscle  I 


NERVOUS  SYSTEM 

None 


RESPIRATORY  SYSTEM 

Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Mediastinum,  fibrosarcoma,  metastatic, 
spleen 
Trachea 


+ 


SPECIAL  SENSES  SYSTEM 

Eye 

Harderian  gland 
Adenoma 


URINARY  SYSTEM 
Kidney 

Unnary  bladder 


X 


X 


u 

2 


I 

1 


2 

2 

2 


2 

2 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE 

STUDY  OF  BENZALDEHYDE:  400  mg/kg 


wEEkS  On 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

STUDY 

0 

4 

5 

6 

6 

7 

7 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

2 

2 

0 

8 

9 

6 

7 

2 

2 

2 

3 

3 

2 

4 

5 

8 

9 

3 

3 

6 

6 

6 

6 

6 

6 

CARCASS 

1 

1 

t 

1 

1 

1 

1 

1 

1 

1 

1 

‘2 

1 

1 

1 

1 

1 

12 

1 

1 

1 

1 

1 

1 

1 

ID 

2 

6 

5 

5 

9 

7 

8 

1 

9 

7 

6 

0 

3 

7 

2 

1 

9 

0 

5 

1 

1 

1 

2 

2 

2 

1 

1 

I 

2 

1 

1 

2 

1 

2 

2 

3 

1 

1 

3 

2 

2 

3 

2 

3 

3 

4 

5 

3 

4 

5 

ALIMENTARY  SYSTEM 

Esopha^s 

Gallbladder 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

A 

4- 

M 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

Intestine  large 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  large,  cecum 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  large,  colon 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  large,  rectum 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

Intestine  small 

A 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

Intestine  small,  duodenum 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  small,  ileum 

A 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Intestine  small,  jejunum 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Adenocarcinoma 
Polyp  adenomatous 

X 

Liver 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Hemangiosarcoma 
Hepatocellular  carcinoma 

X 

X 

X 

X 

X 

Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 

X 

X 

X 

X 

X 

X 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 

X 

X 

Mesentery 

4- 

Pancreas 

A 

4- 

4- 

4- 

4- 

4- 

4 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

Salivary  glands 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

-f 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

Stomach 

+■ 

4- 

4- 

-f 

+ 

+ 

4- 

+ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Stomach,  forestomach 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Papilloma  squamous 
Stomach,  glandular 

+- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Tooth 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

CAmilOVASCULAR  SYSTEM 

Heart 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

ENDOCRINE  SYSTEM 
Adrenal  gland 

4- 

4- 

f 

4- 

4- 

4“ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

+ 

4“ 

4- 

4- 

4- 

4- 

4- 

Adrenal  gland,  cortex 

4- 

4- 

4- 

4- 

4- 

4- 

-r 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-1- 

-t- 

4- 

4- 

4- 

4- 

4- 

Spindle  cell,  adenoma 
Adrenal  gland,  medulla 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

Pheochromocytoma  benign 
Islets,  pancreatic 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Adenoma 

X 

Parathyroid  gland 

M 

+ 

M 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

Pituitary  gland 

M 

4- 

4- 

4“ 

4- 

4- 

M 

+ 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

Pars  distalis,  adenoma 
Thyroid  gland 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Follicular  cell,  adenoma 
Follicular  cell,  carcinoma 

X 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 
Epididymis 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

-t* 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

Preputial  gland 

4- 

4- 

4- 

4- 

4- 

Prostate 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

-h 

4- 

-t- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

Seminal  vesicle 

4- 

4- 

4- 

Testes 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Interstitial  cell,  adenoma 

X 

Benzaldehyde,  NTP  TR  378 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  400  mg/kg 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


HJHENTAHY  SYSTEH 

CtophAros 
GttifbUddtr 
loUstiM  larg« 
loUctia*  Urge,  cecum 
InUttiae  Urge,  colon 
loUttioe  Urge,  rectum 
lotettine  email 
Intestine  small,  duodenum 
Intestine  small,  ileum 
lotettine  small,  jejunum 
Adenocarcinoma 
Polyp  adenomatous 
Liver 

H e ma  n gi  0 S3  rco  m a 
Hepatocellular  carcinoma 
Hepatocellular  adenoma 
HepatocelluUr  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Mesentery 
Pancreas 
5>alivary  glands 
Stomaco 

Stomach,  forestomacb 
Papilloma  squamous 
Stomach,  glandular 
Tooth 

CAliblOVASCULAR  SYSTEM 
Heart 

rNDDCRWC  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Spindle  cell,  adenoma 
Adrenal  gUnd,  medulla 
Pheochromocytoraa  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Pituitary  gland 
Parsdistalis,  adenoma 
Thyroid  gland 
Follicular  cell,  adenoma 
Follicular  cell,  carcinoma 

GENERAL  BODT^STERI 

None 

GENITAL  SYSTEM 

Epididymis 
Preputial  gland 
Prostate 
Seminal  vesicle 
Testes 

Interstitial  cell,  adenoma 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

TOTAL:  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

~T~ 

1 

2 

2 

2 

TISSUES  ' 

3 

3 

3 

3 

4 

4 

4 

4 

4 

5 

5 

6 

6 

6 

7 

7 

8 

8 

8 

8 

9 

9 

0 

0 

0 

TUMORS  i 

2 

3 

4 

5 

1 

2 

3 

4 

5 

4 

5 

2 

4 

5 

4 

5 

1 

3 

4 

5 

4 

5 

3 

4 

5 

! 

+ 

4- 

4- 

4- 

4- 

4- 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4. 

4- 

+ 

+ 

1 

50  1 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

46  ! 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

-r 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

- 

— 

49  1 

+ 

4* 

-r 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

-- 

4- 

4- 

4. 

4- 

49  1 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

4“ 

4- 

4- 

-r 

— 

49 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-f 

4- 

4- 

+ 

4- 

4- 

* 

* 

4- 

- 

49 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

- 

— 

— 

49  , 

+ 

— 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

— 

- 

49 

4- 

4- 

— 

M 

4- 

4- 

4- 

4- 

- 

4- 

-r 

4- 

4- 

4- 

4- 

+ 

-r 

4- 

- 

4- 

4- 

4- 

- 

- 

48  ' 

■r 

- 

- 

4- 

4- 

4- 

4- 

- 

4- 

-r 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4. 

4- 

4- 

4- 

- 

49 

X 

1 1 

1 1 

4- 

— 

4- 

4. 

- 

— 

* 

— 

— 

4- 

-r 

4- 

— 

4- 

-i- 

-i- 

-4- 

4. 

4- 

— 

— 

50  ! 

X 

1 I 

X 

X 

7 t 

i X 

X 

X 

X 

X 

X 

X 

13  ; 

X 

\ 

X 

2 

' 

I 

' 

4- 

2 

1 + 

4- 

- 

J- 

4- 

4- 

4. 

* 

* 

-r- 

- 

4- 

4- 

- 

4- 

4- 

- 

- 

1- 

49 

1 + 

+ 

— 

- 

4- 

4- 

4- 

4- 

4- 

4- 

-r 

— 

- 

— 

-r 

4- 

4- 

4- 

4- 

— 

- 

* 

* 

50 

* 

4- 

- 

4- 

4- 

4- 

4- 

4. 

4- 

4- 

4- 

— 

-r 

J- 

4- 

4- 

4- 

4- 

-r 

4- 

- 

+ 

50 

- 

4“ 

4. 

4- 

4- 

4- 

4- 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  400  mg/kg 

(Continued) 


WEEKS  ON 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 
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0 

i 

1 
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STUDY 
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2 
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3 
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3 
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Blood 
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+- 
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Inguinal,  lymphoma  malignant 
histiocytic 

Mediastinal,  lymphoma  malignant 
histiocytic 

Mediastinal,  lymphoma  malignant  mixed 
Pancreatic,  lymphoma  malignant 
histiocytic 

Renal,  lymphoma  malignant  histiocytic 
Renal,  lymphoma  malignant  mixed 
Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Lymph  node,  mesentenc 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Thymus 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

Skin 

Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  sarcoma 

MUSCUL0SKEtETAL“SY5TrM 
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Skeletal  muscle 

NERVOUS  SYSTEM 

Brain 

RESPIRATORY  SYSTEM 

Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Fibrosarcoma,  metastatic,  skin 
Hepatocellular  carcinoma,  metastatic, 
liver 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Nose 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  400  mg/kg 

(Continued) 


STUDY 


CARCASS 

ID 


Blood 

Bont  marrow 
Lymph  node 

Iliac,  lymphoma  malignant  mixed 
loguinal,  malignant 

hiitiocytic 

Mediastinal,  lymphoma  malignant 
hiitiorytic 

Mediaitinal,  lymphoma  malig.  mixed 
Pancreatic,  lympnoma  malignant 
histiocytic 

Renal,  lymphoma  malignant  histiocytic 
Renal,  lymphoma  malignant  mixed 
Lymph  n<^e.  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Lymph  node,  mesentenc 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Thymus 


INTEGUMENTARY  SYSTEM 

Mammary  gland 

Skin 

Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  sarcoma 


MUSCULOSKELETAL  SYSTEM 

Bone 

Skeletal  muscle 


NERVOUS  SYSTEM 

Brain 


Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Fibrosarcoma,  metastatic,  skin 
Hepatocellular  carcinoma,  metastatic, 
liver 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Nose 
Trachea 


SPEtlAL  SENSES  SYSTEM 
Ear 

Hardenan  gland 
Adenoma 


URINARY  SYSTEM 

Kidney 

Unnary  bladder 
Papilloma 
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TABLE  C3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  BENZALDEHYDE 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Harderian  Gland:  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

3/50  (6%) 

2/50  (4%) 

2/50  (4%) 

Adjusted  Rates  (b) 

8.2% 

6.1% 

6.2% 

Terminal  Rates  (c) 

1/32(3%) 

2/33  (6%) 

1/31  (3%) 

Day  of  First  Observation 

576 

736 

717 

Life  Table  Tests  (d) 

P = 0.422N 

P = 0.493N 

P = 0.517N 

Logistic  Regression  Tests  (d) 

P = 0.408N 

P = 0.497N 

P = 0.498N 

Cochran- Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.406N 

P = 0.500N 

P = 0.500N 

Liver:  Hepatocellular  Adenoma 

Overall  Rates  (e) 

8/50(16%) 

(f)  6/18(33%) 

14/50(28%) 

Adjusted  Rates  (b) 

22.2% 

39.9% 

Terminal  Rates  (c) 

5/32(16%) 

11/31  (35%) 

Day  of  First  Observation 

576 

293 

Life  Table  Test  (d) 

P = 0.102 

Logistic  Regression  Test  (d) 

P = 0.116 

Fisher  Exact  Test(d) 

P = 0.114 

Liver:  Hepatocellular  Carcinoma 

Overall  Rates  (e) 

12/50  (24%) 

(f)  6/18(33%) 

7/50(14%) 

Adjusted  Rates  (b) 

29.4% 

17.0% 

Terminal  Rates  (c) 

5/32(16%) 

2/31  (6%) 

Day  of  First  Observation 

448 

471 

Life  Table  Test(d) 

P = 0.199N 

Logistic  Regression  Test  (d) 

P = 0.158N 

Fisher  Exact  Test  (d) 

P = 0.154N 

Liver:  Hepatocellular  Adenoma  or  Carcinoma 

Overall  Rates  (e) 

19/50(38%) 

(f)  12/18(67%) 

20/50  (40%) 

Adjusted  Rates  (b) 

45.6% 

50.8% 

Terminal  Rates  (c) 

10/32(31%) 

13/31  (42%) 

Day  of  First  Observation 

448 

293 

Life  Table  Test(d) 

P = 0.448 

Logistic  Regression  Test  (d) 

P = 0.514 

Fisher  Exact  Test  (d) 

P = 0.500 

Lung:  Alveolar/Bronchiolar  Adenoma 

Overall  Rates  (e) 

6/50(12%) 

(0  2/14(14%) 

1/50(2%) 

Adjusted  Rates  (b) 

17.0% 

3.2% 

Terminal  Rates  (c) 

4/32(13%) 

1/31  (3%) 

Day  of  First  Observation 

451 

736 

Life  Table  Test(d) 

P = 0.064N 

Logistic  Regression  Test  (d) 

P = 0.057N 

Fisher  Exact  Test  (d) 

P = 0.056N 

Lung:  Alveolar/Bronchiolar  Carcinoma 

Overall  Rates  (e) 

3/50(6%) 

(0  2/14(14%) 

5/50(10%) 

Adjusted  Rates  (b) 

9.1% 

14.4% 

Terminal  Rates  (c) 

2/32(6%) 

3/31  (10%) 

Day  of  First  Observation 

734 

640 

Life  Table  Test(d) 

P = 0.339 

Logistic  Regression  Test  (d) 

P = 0.346 

Fisher  Exact  Test(d) 

P = 0.357 
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TABLE  C3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Lung:  Alveolar/Bronchiolar  Adenoma  or  Carcinoma 

Overall  Rates  (e) 

8/50  06%) 

(f)  4/14(29%) 

6/50  02%) 

Adjusted  Rates  (b) 

22.4% 

17.5% 

Terminal  Rates  (c) 

5/32  06%) 

4/31  (13%) 

Day  of  First  Observation 

451 

640 

Life  Table  Test(d) 

P = 0.412N 

Logistic  Regression  Test  (d ) 

P = 0.385N 

Fisher  Exact  Test  (d) 

P = 0.387N 

Subcutaneous  Tissue:  Fibroma 

Overall  Rates  (a) 

2/50(4%) 

1/50(2%) 

3/50(6%) 

Adjusted  Rates  (b) 

6.3% 

3.0% 

7.9% 

Terminal  Rates  (c) 

2/32(6%) 

1/33  (3%) 

1/31  (3%) 

Day  of  First  Observation 

736 

736 

529 

Life  Table  Tests  (d) 

P = 0.390 

P = 0.489N 

P = 0.489 

Logistic  Regression  Tests  (d) 

P = 0.403 

P = 0.489N 

P = 0.504 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.400 

P^O.SOON 

P = 0.500 

Subcutaneous  Tissue:  Fibrosarcoma 

Overall  Rates  (a) 

3/50(6%) 

3/50(6%) 

4/50(8%) 

Adjusted  Rates  (b) 

7.9% 

9.1% 

10.2% 

Terminal  Rates  (c) 

1/32(3%) 

3/33  (9%) 

1/31  (3%) 

Day  of  First  Observation 

609 

736 

529 

Life  Table  Tests  (d) 

P = 0.406 

P = 0.659N 

P = 0.483 

Logistic  Regression  Tests  (d) 

P = 0.424 

P = 0.660N 

P = 0.495 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.421 

P = 0.661N 

P = 0.500 

Subcutaneous  Tissue:  Fibroma  or 

Fibrosarcoma 

Overall  Rates  (a) 

5/50  00%) 

4/50(8%) 

6/50  02%) 

Adjusted  Rates  (b) 

13.8% 

12.1% 

15.6% 

Terminal  Rates  (c) 

3/32(9%) 

4/33  02%) 

2/31  (6%) 

Day  of  First  Observation 

609 

736 

529 

Life  Table  Tests  (d) 

P = 0.415 

P = 0.492N 

P = 0.477 

Logistic  Regression  Tests  (d) 

P = 0.440 

P = 0.497N 

P = 0.504 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.434 

P = 0.500N 

P = 0.500 

Subcutaneous  Tissue:  Sarcoma  or 

Fibrosarcoma 

Overall  Rates  (a) 

3/50  (6%) 

4/50(8%) 

5/50  00%) 

Adjusted  Rates  (b) 

7.9% 

11.6% 

13.2% 

Terminal  Rates  (c) 

1/32(3%) 

3/33(9%) 

2/31  (6%) 

Day  of  First  Observation 

609 

700 

529 

Life  Table  Tests  (d) 

P = 0.278 

P = 0.504 

P = 0.344 

Logistic  Regression  Tests  (d) 

P = 0.294 

P = 0.504 

P = 0.355 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.290 

P = 0.500 

P = 0.357 

Subcutaneous  Tissue:  Fibroma,  Sarcoma, 

or  Fibrosarcoma 

Overall  Rates  (a) 

5/50  00%) 

5/50  00%) 

7/50  04%) 

Adjusted  Rates  (b) 

13.8% 

14.6% 

18.5% 

Terminal  Rates  (c) 

3/32(9%) 

4/33  02%) 

3/31  (10%) 

Day  of  First  Observation 

609 

700 

529 

Life  Table  Tests  (d) 

P = 0.302 

P = 0.619N 

P = 0.362 

Logistic  Regression  Tests  (d) 

P = 0.323 

P = 0.628N 

P = 0.384 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.318 

P = 0.630N 

P = 0.380 
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TABLE  C3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Forestomach:  Squamous  Papilloma 

Overall  Rates  (a) 

1/50(2%) 

2/50  (4%) 

5/50(10%) 

Adjusted  Rates  (b) 

3.1% 

5.3% 

16.1% 

Terminal  Rates  (c) 

1/32(3%) 

1/33  (3%) 

5/31  (16%) 

Day  of  First  Observation 

736 

541 

736 

Life  Table  Tests  (d) 

P = 0.054 

P = 0.504 

P = 0.094 

Logistic  Regression  Tests  (d) 

P = 0.057 

P = 0.502 

P = 0.094 

Cochran-Armitage  Trend  Test  (d) 

P = 0.060 

Fisher  Exact  Test  (d) 

P = 0.500 

P = 0.102 

Thyroid  Gland:  Follicular  Cell  Adenoma  or 

Carcinoma 

Overall  Rates  (e) 

2/49(4%) 

(g)0/0 

3/49(6%) 

Adjusted  Rates  (b) 

5.3% 

9.7% 

Terminal  Rates  (c) 

1/32(3%) 

3/31  (10%) 

Day  of  First  Observation 

451 

736 

Life  Table  Test(d) 

P = 0.492 

Logistic  Regression  Test(d) 

P = 0.503 

Fisher  Exact  Test  (d) 

P = 0.500 

Hematopoietic  System:  Lymphoma,  All  Malignant 

Overall  Rates  (a) 

1/50(2%) 

2/50  (4%) 

5/50(10%) 

Adjusted  Rates  (b) 

2.7% 

5.8% 

15.2% 

Terminal  Rates  (c) 

0/32(0%) 

1/33  (3%) 

3/31  (10%) 

Day  of  First  Observation 

675 

717 

717 

Life  Table  Tests  (d) 

P = 0.058 

P = 0.513 

P = 0.102 

Logistic  Regression  Tests  (d) 

P = 0.054 

P = 0.502 

P = 0.095 

Cochran-Armitage  Trend  Test  (d) 

P = 0.060 

Fisher  Exact  Test  (d) 

P = 0.500 

P = 0.102 

(a)  Number  of  tumor-bearing  animals/number  of  animals  examined  grossly  at  the  site 

(b)  Kaplan-Meier  estimated  tumor  incidences  at  the  end  of  the  study  after  adjusting  for  intercurrent  mortality 

(c)  Observed  tumor  incidence  in  animals  killed  at  the  end  of  the  study 

(d)  Beneath  the  vehicle  control  incidence  are  the  P values  associated  with  the  trend  test.  Beneath  the  dosed  group  incidence  are 
the  P values  corresponding  to  pairwise  comparisons  between  that  dosed  group  and  the  vehicle  controls.  The  life  table  analysis 
regards  tumors  in  animals  dying  prior  to  terminal  kill  as  being  (directly  or  indirectly)  the  cause  of  death.  The  incidental  tumor 
test  regards  these  lesions  as  nonfatal.  The  Cochran-Armitage  and  Fisher  exact  tests  compare  directly  the  overall  incidence 
rates.  A negative  trend  or  a lower  incidence  in  a dosed  group  than  in  vehicle  controls  is  indicated  by  (N). 

(e)  Number  of  tumor-bearing  animals/number  of  animals  examined  microscopically  at  the  site 

(f)  Incomplete  sampling  of  tissues 

(g)  No  thyroid  gland  tissue  from  the  200  mg/kg  group  was  examined  microscopically. 
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TABLE  C4.  HISTORICAL  INCIDENCE  OF  FORESTOMACH  SQUAMOUS  CELL  TUMORS  IN  MALE 
B6C3F,  MICE  ADMINISTERED  CORN  OIL  BY  GAVAGE  (a) 


Study 

Incidence  of  Papillomas  or  Carcinomas  in  Vehicle  Controls 

Historical  Incidence  at  Southern  Research  Institute 

Ethyl  acrylate 

0/48 

Benzyl  acetate 

(b)4/49 

Allyl  isovalerate 

0/50 

HC  Red  No.  3 

0/50 

Chlorinated  paraffins  (C23, 43%  chlorine) 

0/50 

Allyl  isothiocyanate 

0/49 

Geranyl  acetate 

0/50 

C.I.  Acid  Orange  3 

(b)4/49 

Chlorinated  paraffins  (C12. 60%  chlorine) 

0/50 

TOTAL 

8/445(1.8%) 

SD(c) 

3.60% 

Range (d) 

High 

4/49 

Low 

0/50 

Overall  Historical  Incidence 

TOTAL 

(6)39/2,033(1.9%) 

SD(c) 

2.76% 

Range (d) 

High 

(f)  4/46 

Low 

0/50 

(a) Data  asofMay  12, 1988,  for  studies  of  at  least  104  weeks 

(b)  Includes  one  squamous  cell  carcinoma  and  three  squamous  cell  papillomas 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(e)  Includes  two  papillomas,  NOS,  and  nine  squamous  cell  carcinomas;  all  other  tumors  were  squamous  cell  papillomas. 

(f)  All  squamous  cell  papillomas;  no  more  than  one  squamous  cell  carcinoma  has  been  observed  in  any  vehicle  control  group. 
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TABLE  C5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE  IN  THE 

TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Animals  removed 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

ALIMENTARY  SYSTEM 

Esophagus 

(50) 

(2) 

(50) 

Inflammation,  chronic 

1 (2%) 

Muscularis,  degeneration 

1 (2%) 

Gallbladder 

(45) 

(46) 

Epithelium,  hyperplasia,  focal 

1 (2%) 

Intestine  small,  jejunum 

(50) 

(2) 

(49) 

Diverticulum 

1 (2%) 

Inflammation,  chronic,  focal 

1 (2%) 

Epithelium,  hyperplasia,  focal 

1 (2%) 

Liver 

(50) 

(18) 

(50) 

Angiectasis,  focal 

1 (2%) 

Cyst 

2 (4%) 

Focal  cellular  change 

1 (2%) 

1 (2%) 

Hematopoietic  cell  proliferation,  multifocal 

1 (2%) 

Hemorrhage,  focal 

1 (2%) 

Hepatodiaphragmatic  nodule 

1 (6%) 

Hyperplasia,  lymphoid,  focal 

1 (6%) 

Necrosis,  focal 

1 (2%) 

2 (4%) 

Necrosis,  multifocal 

1 (2%) 

2 (4%) 

Vacuolization  cytoplasmic,  diffuse 

1 (6%) 

Vacuolization  cytoplasmic,  focal 

3 (17%) 

Mesentery 

(5) 

(5) 

(2) 

Hemorrhage,  focal 

1 (50%) 

Fat,  necrosis,  focal 

4 (80%) 

3 (60%) 

1 (50%) 

Fat,  necrosis,  multifocal 

1 (20%) 

Pancreas 

(50) 

(2) 

(49) 

Atrophy,  focal 

2 (4%) 

1 (2%) 

Cyst 

2 (4%) 

Stomach,  forestomach 

(50) 

(49) 

(50) 

Cyst 

2 (4%) 

4 (8%) 

Hyperplasia,  focal 

7 (14%) 

6 (12%) 

15  (30%) 

Hyperplasia,  multifocal 

2 (4%) 

1 (2%) 

Infiltration  cellular,  mast  cell 

1 (2%) 

Inflammation,  chronic,  focal 

1 (2%) 

Inflammation,  suppurative,  acute,  focal 

3 (6%) 

5 (10%) 

7 (14%) 

Ulcer 

1 (2%) 

4 (8%) 

Stomach,  glandular 

(50) 

(49) 

(50) 

Inflammation,  suppurative,  acute,  focal 

1 (2%) 

Tongue 

(1) 

Ectopic  tissue 

1 (100%) 

Tooth 

(20) 

(1) 

(14) 

Dysplasia 

20  (100%) 

1 (100%) 

14  (100%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

(1) 

(50) 

Artery,  inflammation,  subacute 

1 (2%) 

Valve,  inflammation,  subacute 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(50) 

(50) 

Hemorrhage 

1 (2%) 

Hyperplasia,  focal 

2 (4%) 

3 (6%) 

Necrosis 

1 (2%) 

Spindle  cell,  hyperplasia 

1 (2%) 
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TABLE  C5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

ENDOCRINE  SYSTEM  (Continued) 

Adrenal  gland,  medulla 

(49) 

(50) 

Hemorrhage 

1 (2%) 

Hyperplasia,  focal 

2 (4%) 

Necrosis 

1 (2%) 

Pituitary  gland 

(44) 

(47) 

Pars  distalis,  cyst 

1 (2%) 

Thyroid  gland 

(49) 

(49) 

Follicle,  cyst 

1 (2%) 

P'ollicle,  degeneration,  cystic 

3 (6%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Coagulating  gland 

(1) 

Dilatation 

1 (100%) 

Epididymis 

(50) 

(50) 

Inflammation,  chronic,  focal 

1 (2%) 

Penis 

(1) 

Hemorrhage 

1 (100%) 

Inflammation,  suppurative,  acute 

1 (100%) 

Necrosis 

1 (100%) 

Preputial  gland 

(2) 

(5) 

(7) 

Inflammation,  suppurative,  acute 

2 (40%) 

4 (57%) 

Duct,  cyst 

2 (100%) 

4 (80%) 

4 (57%) 

Seminal  vesicle 

(2) 

(5) 

(5) 

Dilatation 

2 (100%) 

5 (100%) 

3 (60%) 

Inflammation,  chronic 

1 (20%) 

Testes 

(50) 

(50) 

Atrophy 

4 (8%) 

HEMATOPOIETIC  SYSTEM 

Blood 

(1) 

(2) 

(2) 

Leukocytosis 

1 (50%) 

Polychromasia 

1 (50%) 

2 (100%) 

Bone  marrow 

(50) 

(50) 

Myeloid  cell,  hyperplasia 

1 (2%) 

Lymph  node,  mesenteric 

(46) 

(5) 

(48) 

Angiectasis 

6 (13%) 

2 (40%) 

6 (13%) 

Hemorrhage 

1 (2%) 

Hyperplasia 

1 (2%) 

1 (20%) 

Spleen 

(50) 

(7) 

(50) 

Atrophy 

1 (2%) 

1 (14%) 

2 (4%) 

Congestion 

1 (14%) 

Developmental  malformation 

1 (2%) 

Hematopoietic  cell  proliferation 

9 (18%) 

2 (29%) 

10  (20%) 

Hyperplasia,  lymphoid 

1 (2%) 

Thymus 

(41) 

(45) 

Cyst 

2 (5%) 

Hyperplasia 

1 (2%) 
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TABLE  C5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

INTEGUMENTARY  SYSTEM 

Skin 

(50) 

(26) 

(50) 

Abscess 

1 (2%) 

Alopecia 

1 (2%) 

Cyst  epithelial  inclusion 

1 (4%) 

Developmental  malformation 

2 (4%) 

Edema,  focal 

1 (2%) 

Fibrosis,  focal 

2 (4%) 

2 (8%) 

7 (14%) 

Fibrosis,  multifocal 

1 (2%) 

Foreign  body,  focal 

1 (2%) 

Inflammation,  subacute,  focal 

1 (2%) 

2 (4%) 

Inflammation,  suppurative,  acute,  focal 

1 (4%) 

Mineralization,  focal 

1 (2%) 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Skeletal  muscle 

(2) 

(1) 

(2) 

Hemorrhage 

1 (100%) 

Artery,  inflammation,  subacute 

1 (50%) 

NERVOUS  SYSTEM 

Brain 

(50) 

(50) 

Compression 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

(14) 

(50) 

Congestion 

2 (4%) 

Foreign  body 

1 (7%) 

1 (2%) 

Hemorrhage,  focal 

1 (7%) 

Hemorrhage,  multifocal 

1 (7%) 

Infiltration  cellular,  histiocytic 

1 (2%) 

2 (14%) 

3 (6%) 

Alveolar  epithelium,  hyperplasia,  focal 

1 (2%) 

3 (21%) 

4 (8%) 

Fat,  mediastinum,  necrosis,  focal 

1 (2%) 

Mediastinum,  foreign  body 

4 (8%) 

1 (2%) 

Mediastinum,  hemorrhage 

1 (2%) 

Mediastinum,  inflammation,  suppurative,  acute  1 (2%) 

1 (2%) 

Nose 

(50) 

(50) 

Foreign  body 

10  (20%) 

13  (26%) 

Fungus 

1 (2%) 

Inflammation,  suppurative,  acute 

11  (22%) 

14  (28%) 

Nasolacrimal  duct,  inflammation,  suppurative. 

acute 

3 (6%) 

Trachea 

(50) 

(1) 

(50) 

Perforation 

1 (100%) 

SPECIAL  SENSES  SYSTEM 

Eye 

(2) 

Cornea,  fibrosis 

1 (50%) 

Cornea,  inflammation,  chronic 

1 (50%) 
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TABLE  C5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

200  mg/kg 

400  mg/kg 

URINARY  SYSTEM 

Kidney 

(50) 

(2) 

(50) 

Fibrosis,  focal 

1 (2%) 

Inflammation,  chronic,  focal 

1 (2%) 

Metaplasia,  osseous,  focal 

1 (2%) 

3 (6%) 

Mineralization,  multifocal 

1 (2%) 

Cortex,  cyst 

3 (6%) 

Glomerulus,  amyloid  deposition 

1 (2%) 

Papilla,  necrosis 

1 (2%) 

Renal  tubule,  degeneration,  multifocal 

3 (6%) 

4 (8%) 

Renal  tubule,  dilatation,  multifocal 

1 (50%) 

2 (4%) 

Renal  tubule,  necrosis,  multifocal 

1 (50%) 

1 (2%) 

Renal  tubule,  regeneration,  multifocal 

1 (50%) 

1 (2%) 

Urinary  bladder 

(50) 

(2) 

(50) 

Hemorrhage,  focal 

1 (50%) 

Inflammation,  subacute 

1 (50%) 
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TABLE  Dl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE 


Vehicle  Control 

300  mg/kg 

600  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Animals  removed 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

ALIMENTARY  SYSTEM 

Intestine  large,  rectum 

(45) 

♦(50) 

(49) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

Intestine  small,  jejunum 

(48) 

*(50) 

(49) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Polyp  adenomatous 

1 (2%) 

Liver 

(50) 

*(50) 

(49) 

Hepatocellular  carcinoma 

1 (2%) 

2 (4%) 

1 (2%) 

Hepatocellular  adenoma 

1 (2%) 

1 (2%) 

4 (8%) 

Hepatocellular  adenoma,  multiple 

1 (2%) 

Histiocytic  sarcoma 

2 (4%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

3 (6%) 

2 (4%) 

Lymphoma  malignant  mixed 

4 (8%) 

2 (4%) 

5 (10%) 

Mesentery 

*(50) 

*(50) 

♦(50) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

Histiocytic  sarcoma 

1 (2%) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

Lymphoma  malignant  mixed 

1 (2%) 

3 (6%) 

Pancreas 

(48) 

*(50) 

(48) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

2 (4%) 

Salivary  glands 

(49) 

♦(50) 

(49) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

Stomach,  forestomach 

(50) 

(50) 

(50) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

1 (2%) 

1 (2%) 

Papilloma  squamous 

5 (10%) 

6 (12%) 

Squamous  cell  carcinoma 

(a)l  (2%) 

Stomach,  glandular 

(50) 

(50) 

(50) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

1 (2%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(50) 

*(50) 

(50) 

Adenoma 

1 (2%) 

Adrenal  gland,  medulla 

(50) 

*(50) 

(50) 

Pheochromocytoma  benign 

1 (2%) 

Pituitary  gland 

(47) 

*(50) 

(48) 

Pars  distalis,  adenoma 

5 (11%) 

1 (2%) 

2 (4%) 

Thyroid  gland 

(49) 

♦(50) 

(49) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Follicular  cell,  adenoma 

1 (2%) 

1 (2%) 

GENERAL  BODY  SYSTEM 

None 

(a)  Diagnosis  not  confirmed  by  PWG  or  NTP  pathologists.  See  Results  p.  42. 
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TABLE  Dl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control  300  mg/kg  600  mg/kg 


GENITAL  SYSTEM 


Ovary 

(47) 

*(50) 

(44) 

Adenoma 

1 

(2%) 

Uterus 

(50) 

♦(50) 

(50) 

Adenocarcinoma 

1 

(2%) 

1 

(2%) 

Histiocytic  sarcoma 

1 

(2%) 

Leiomyoma 

1 (2%) 

I^ymphoma  malignant  lymphocytic 

2 

(4%) 

1 

(2%) 

Lymphoma  malignant 

1 

(2%) 

Lymphoma  malignant  mixed 

1 (2%) 

1 

(2%) 

Polyp  stromal 

1 

(2%) 

1 

(2%) 

Sarcoma  stromal 

2 (4%) 

HEMATOPOIETIC  SYSTEM 

Blood  " 

■(50) 

♦(50) 

*(50) 

Lymphoma  malignant  lymphocytic 

1 

(2%) 

1 

(2%) 

Lymphoma  malignant  mixed 

1 

(2%) 

Bone  marrow 

(50) 

*(50) 

(50) 

Hemangiosarcoma 

1 

(2%) 

Lymph  node 

(50) 

*(50) 

(50) 

Axillary,  adenocarcinoma,  metastatic,  mammary 

gland 

1 

(2%) 

Axillary,  lymphoma  malignant  mixed 

3 (6%) 

1 

(2%) 

Bronchial,  lymphoma  malignant  mixed 

1 (2%) 

Iliac,  histiocytic  sarcoma 

1 

(2%) 

Iliac,  lymphoma  malignant  lymphocytic 

1 

(2%) 

Iliac,  lymphoma  malignant 

1 

(2%) 

Iliac,  lymphoma  malignant  mixed 

3 (6%) 

1 

(2%) 

Inguinal,  lymphoma  malignant  mixed 

3 (6%) 

Mediastinal,  adenocarcinoma,  metastatic,  uterus 

1 

(2%) 

Mediastinal,  histiocytic  sarcoma 

1 

(2%) 

Mediastinal,  lymphoma  malignant  lymphocytic 

1 

(2%) 

Mediastinal,  lymphoma  malignant 

1 

(2%) 

Mediastinal,  lymphoma  malignant  mixed 

1 

(2%) 

4 (8%) 

1 

(2%) 

Pancreatic,  lymphoma  malignant  mixed 

2 (4%) 

1 

(2%) 

Renal,  histiocytic  sarcoma 

1 

(2%) 

Renal,  lymphoma  malignant 

1 

(2%) 

Renal,  lymphoma  malignant  mixed 

4 (8%) 

1 

(2%) 

Lymph  node,  mandibular 

(48) 

*(50) 

(47) 

Lymphoma  malignant  histiocytic 

1 

(2%) 

Lymphoma  malignant  lymphocytic 

2 

(4%) 

2 

(4%) 

Lymphoma  malignant  mixed 

3 

(6%) 

3 (6%) 

2 

(4%) 

Lymph  node,  mesenteric 

(47) 

♦(50) 

(45) 

Histiocytic  sarcoma 

2 

(4%) 

Lymphoma  malignant  histiocytic 

1 

(2%) 

Lymphoma  malignant  lymphocytic 

3 

(6%) 

3 

(7%) 

Lymphoma  malignant 

1 

(2%) 

Lymphoma  malignant  mixed 

7 

(15%) 

5 (10%) 

4 

(9%i 

Spleen 

(50) 

*(50) 

(49) 

Hemangiosarcoma 

1 

(2%) 

1 

(2%) 

Hemangiosarcoma,  metastatic,  skin 

1 

(2%) 

Lymphoma  malignant  histiocytic 

1 

(2%) 

Lymphoma  malignant  lymphocytic 

3 

(6%) 

1 (2%) 

5 

(10%) 

Lymphoma  malignant 

1 

(2%) 

Lymphoma  malignant  mixed 

8 

(16%) 

7 (14%) 

8 

(16%) 

Thymus 

(47) 

*(50) 

(47) 

Lymphoma  malignant  histiocytic 

1 

(2%) 

Lymphoma  malignant  lymphocytic 

2 

(4%) 

1 

(2%) 

Lymphoma  malignant 

1 

(2%) 

Lymphoma  malignant  mixed 

1 

(2%) 

2 

(4%) 
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TABLE  Dl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

300  mg/kg 

600  mg/kg 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(48) 

♦(50) 

(49) 

Adenocarcinoma 

2 (4%) 

2 (4%) 

2 (4%) 

Skin 

(50) 

♦(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Papilloma  squamous 

1 (2%) 

Subcutaneous  tissue,  fibrosarcoma 

1 (2%) 

Subcutaneous  tissue,  hemangiosarcoma 

1 (2%) 

Subcutaneous  tissue,  lymphoma  malignant  mixed. 

multiple 

1 (2%) 

Subcutaneous  tissue,  sarcoma 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Skeletal  muscle 

♦(50) 

♦(50) 

♦(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

NERVOUS  SYSTEM 

Brain 

(50) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

♦(50) 

(50) 

Adenocarcinoma,  metastatic,  mammary  gland 

1 (2%) 

1 (2%) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

Alveolar/bronchiolar  adenoma 

1 (2%) 

Carcinoma,  metastatic,  harderian  gland 

1 (2%) 

Histiocytic  sarcoma 

2 (4%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

3 (6%) 

2 (4%) 

Lymphoma  malignant 

1 (2%) 

Lymphoma  malignant  mixed 

2 (4%) 

2 (4%) 

3 (6%) 

Mediastinum,  lymphoma  malignant  lymphocytic  2 (4%) 

Mediastinum,  lymphoma  malignant  mixed 

1 (2%) 

SPECIAL  SENSES  SYSTEM 

Harderian  gland 

♦(50) 

♦(50) 

♦(50) 

Adenoma 

1 (2%) 

1 (2%) 

1 (2%) 

Carcinoma 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

URINARY  SYSTEM 

Kidney 

(50) 

♦(50) 

(49) 

Histiocytic  sarcoma 

1 (2%) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

2 (4%) 

Lymphoma  malignant 

1 (2%) 

Lymphoma  malignant  mixed 

3 (6%) 

2 (4%) 

Urinary  bladder 

(50) 

♦(50) 

(48) 

Leiomyosarcoma,  metastatic,  uterus 

1 (2%) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

2 (4%) 

Lymphoma  malignant 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

1 (2%) 
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TABLE  Dl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

300  mg/kg 

600  mg/kg 

SYSTEMIC  LESIONS 

Multiple  organs 

*(50) 

*(50) 

*(50) 

Lymphoma  malignant  lymphocytic 

4 (8%) 

2 (4%) 

6 (12%) 

Lymphoma  malignant  mixed 

8 (16%) 

7 (14%) 

8 (16%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

1 (2%) 

Hemangiosarcoma 
Lymphoma  malignant 

1 (2%) 

2 (4%) 
1 (2%) 

ANIMAL  DISPOSITION  SUMMARY 

Animals  initially  in  study 

50 

50 

50 

Moribund 

11 

13 

7 

Dead 

7 

8 

9 

Terminal  sacrifice 

30 

27 

34 

Accidently  killed 

1 

1 

Accident 

1 

1 

TUMOR  SUMMARY 

Total  animals  with  primary  neoplasms  ** 

29 

23 

28 

Total  primary  neoplasms 

44 

29 

38 

Total  animals  with  benign  neoplasms 

12 

10 

11 

Total  benign  neoplasms 

12 

13 

15 

Total  animals  with  malignant  neoplasms 

21 

16 

21 

Total  malignant  neoplasms 

32 

16 

23 

Total  animals  with  secondary  neoplasms  *** 

4 

2 

Total  secondary  neoplasms 

8 

2 

* Number  of  animals  receiving  complete  necropsy  examination;  all  gross  lesions  including  masses  examined  microscopically. 
**  Primary  tumors:  all  tumors  except  secondary  tumors 

*•*  Secondary  tumors:  metastatic  tumors  or  tumors  invasive  into  an  adjacent  organ 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  BENZALDEHYDE;  VEHICLE  CONTROL 


WEEKS  ON 
STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Adenocarcinoma,  metastatic,  uterus 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Lymphoma  malignant  lymphocytic 
Liver 

Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Histiocytic  sarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Mesentery 

Adenocarcinoma,  metastatic,  uterus 
Histiocytic  sarcoma 
Lymphoma  malignant  lymphocytic 
Pancreas 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Salivary  glands 

Lymphoma  malignant  lymphocytic 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Stomach,  glandular 
Lymphoma  malignant  lymphocytic 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

Lymphoma  malignant  lymphocytic 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 

Adrenal  gland,  medulla 
Pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 

Lymphoma  malignant  lymphocytic 
Follicular  cell,  adenoma 

GENERAL  BODVSYSTEM 

Tissue,  NOS 

GENITAL  SYSTEM 

Ovary 

Adenoma 

Uterus 

Adenocarcinoma 
Histiocytic  sarcoma 
Lymphoma  malignant  lymphocytic 
Polyp  stromal 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

6 

6 

7 

7 

7 

7 

7 

7 

8 

8 

9 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 

9 

2 

2 

5 

5 

6 

8 

2 

7 

0 

1 

2 

3 

6 

6 

0 

1 

2 

5 

5 

5 

5 

5 

7 

V 

7 

7 

7 

7 

7 

7 

6 

7 

7 

~T~ 

~T~ 

7 

7 

7 

6 

e 

7 

8 

8 

8 

6 

2 

0 

1 

2 

4 

1 

4 

7 

8 

2 

2 

0 

0 

3 

7 

9 

6 

8 

9 

6 

8 

8 

8 

9 

9 
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1 

1 
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i 

-h 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

X 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

+ 

4- 

4- 

4- 

-h 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

•I- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

A 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

M 

4- 

M 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

M 

+ 

4- 

-t- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

X 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

+ 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

4- 
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4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

X 

X 

X 

Tissue  examined  microscopically 
Not  examined 

Present  but  not  examined  microscopically 
Insufficient  tissue 


M:  Missing 

A:  Autolysis  precludes  examination 

X:  Incidence  of  listed  morphology 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Ciophag^s 
Galiblaoder 
Intaitina  large 
Intaitioe  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum* 
Adenocamooma,  metastatic,  uterus 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Lymphoma  malignant  lymphocytic 
Liver 

Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Histiocytic  sarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Mesentery 

Adenocarcinoma,  metastatic,  uterus 
Histiocytic  sarcoma 
Lymphoma  malignant  lymphocytic 
Pancreas 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Salivar%’  glands 

Lympnoma  malignant  lymphocytic 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Stomach,  glandular 
Lymphoma  malignant  lymphocytic 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

Lymphoma  malignant  lymphocytic 

endocrine  system 

Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 

Adrenal  gland,  medulla 
Pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 

Lymphoma  malignant  lymphocytic 
Follicular  cell,  adenoma 

General  30DY  SYSTEM 

Tissue,  NOS 

GENITAL  SYSTEM 

Ovary 

Adenoma 

Uterus 

Adenocarcinoma 
Histiocytic  sarcoma 
Lymphoma  malignant  lymphocytic 
Polyp  stromal 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TOTAL: 

B 

7 

7 

7 

V 

7 

7 

7 

V 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

TISSUES 

9 

0 

0 

1 

L 

1 

2 

3 

3 

3 

3 

4 

4 

4 

5 

5 

5 

5 

5 

6 

6 

6 

7 

7 

7 

TUMORS 

5 

4 

5 

3 

4 

5 

5 

2 

3 

4 

5 

3 

4 

5 

1 

2 

3 

4 

5 

3 

4 

5 

3 

4 

5 

+ 

4- 

4- 

4- 

4- 

4* 

4- 

+ 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

50 

+ 

4- 

4- 

+ 

4- 

4- 

M 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

46 

4- 

4- 

4- 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


HEMATOPOIETIC  SYSTEM 

Blood 

Lymphoma  malignant  lymphocytic 
Bone  marrow 
Hemangiosarcoma 
Lymph  node 

Axillary,  adenocarcinoma,  metastatic, 
mammary  gland 
Iliac,  histiocytic  sarcoma 
Iliac,  lymphoma  malignant  lymphocytic 
Mediastinal,  adenocarcinoma, 
metastatic,  uterus 
Mediastinal,  histiocytic  sarcoma 
Mediastinal,  lymphoma  malignant 
lymphocytic 

Mediastinal,  lymphoma  malignant  mixed 
Renal,  histiocytic  sarcoma 
Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymph  node,  mesentenc 
Histiocytic  sarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

Integumentary  system 

Mammary  gland 
Adenocarcinoma 
Skin 

Lymphoma  malignant  lymphocytic 
Subcutaneous  tissue,  sarcoma 

MUSCULOSKELETAL  SYSTEM 

Bone 

Skeletal  muscle 

Lymphoma  malignant  lymphocytic 

NERVOUS  SYSTEM 

Brain 

Lymphoma  malignant  lymphocytic 

Respiratory  system 

Lung 

Adenocarcinoma,  metastatic,  uterus 
Adenocarcinoma,  metastatic,  mammary 
gland 

Carcinoma,  metastatic,  harderian  gland 
Histiocytic  sarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Mediastinum,  lymphoma  malignant 
lymphocytic 
Nose 
Trachea 

SPECIAL  senses  SYSTEM 
Hardenan  gland 
Adenoma 
Carcinoma 

URINARY  SYSTEM 

Kidney 

Histiocytic  sarcoma 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Urinary  bladder 

Leiomyosarcoma,  metastatic,  uterus 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  VEHICLE  CONTROL 

(Continued) 


STUDY 


CARCASS 

ID 
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50 

ITEMATOPOIEnC  SYSTEM 

Blood 

Lymphoma  malignant  lymphocytic 
Bona  marrow 
Hamangiosarcoma 
Lymph  node 

Axillary,  adenocarcinoma,  metastatic. 

mammary  gland 
Iliac,  histiocytic  sarcoma 
Iliac,  lymphoma  malignant  lymphocytic 
Mediastinal,  adenocarcinoma, 
metastatic,  uterus 
Mediastinal,  histiocytic  sarcoma 
Mediastinal,  lymphoma  malignant 
lymphocytic 

Mediastinal,  lymphoma  malig.  mixed 
Renal,  histiocytic  sarcoma 
Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymph  node,  mesentenc 
Histiocytic  sarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

rNTEGUMENTARY  SYSTEM 

Mammary  gland 
Adenocarcinoma 
Skin 

Lymphoma  malignant  lymphocytic 
Subcutaneous  tissue,  sarcoma 

musculoskeletal  system 

Bone 

Skeletal  muscle 

Lymphoma  malignant  lymphocytic 

NERVOUS  SYSTEM 
Brain 

Lymphoma  malignant  lymphocytic 

RESPIRATORY  SYSTEM 
Lung  I 

Adenocarcinoma,  metastatic,  uterus  ' 
Adenocarcinoma,  metastatic,  mammary*  ' 
gland  j 

Carcinoma,  metastatic,  hardenan  giand  | 
Histiocytic  sarcoma  i 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Mediastinum,  lymphoma  malignant 
lymphocytic 
Nose 
Trachea 

SFECIAL  SENSES  SYSTEM 
Hardenan  gland 
Adenoma 
Carcinoma 


UKINARY  SYSTEM 

Kidney 

Histiocytic  sarcoma 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Urinary  bladder 

Leiomyosarcoma,  metastatic,  utenas 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 


+ - 


+ + 
X 


+ M 
+ + 


+ + - 


+ + - 


L 

1 

I 

1 

1 

1 

1 
1 

48 

L 

2 
3 

47 

2 

I 

3 

7 
50 

L 

I 

3 

8 
47 

I 


48 

2 

50 

1 

1 


50 

1 

I 


50 


50 

I 


50 

49 


50 

I 

■> 

l 


149 


Benzaldehvde,  NTl’  TK  "ITS 


TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE:  300  mg/kg 


WEEKS  ON 
STUDY 


CARCASS 

ID 
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4 

X 

X 

X 

X 

+■ 

4 

4 

4 

4 

4 

+■ 

+ 

4 

X 

X 

X 

X 

ALIMENTARY  SYSTEM 
Intestine  small 
Intestine  small,  jejunum 
Polyp  adenomatous 
Liver 

Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  mixed 
Mesentery 

Lymphoma  malignant  mixed 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Papilloma  squamous 
Stomach,  glandular 

cardiovascular  system 

None 

endocrine  system 

Pituitary  gland 
Pars  distalis,  adenoma 

general  body  system 

None 

GENITAL  SYSTEM 
Ovary 
Uterus 
Leiomyoma 

Lymphoma  malignant  mixed 
Sarcoma  stromal 

HEMATOPOIETIC  SYSTEM 
Blood 

Lymph  node 

Axillary,  lymphoma  malignant  mixed 
Bronchial,  lymphoma  malignant  mixed 
Iliac,  lymphoma  malignant  mixed 
Inguinal,  lymphoma  malignant  mixed 
Mediastinal,  lymphoma  malignant  mixed 
Pancreatic,  lymphoma  malignant  mixed 
Renal,  lymphoma  malignant  mixed 
Lymph  node,  mandibular 
Lymphoma  malignant  mixed 
Lymph  node,  mesentenc 
Lymphoma  malignant  mixed 
Spleen 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 


Integumentary  system 

Mammary  gland 
Adenocarcinoma 
Skin 

Papilloma  squamous 
Subcutaneous  tissue,  fibrosarcoma 

X 

+ -*-  + 44444-»-4444444444  -h444 

mUsculosKElETal  system 

Bone 

Skeletal  muscle 

4 

NERVOUS  SYSTEM 
Brain 

4 

RESPIRATORY  SYSTEM 
Lung 

Alveolar/bronchiolar  adenoma 
Lymphoma  malignant  mixed 
Mediastinum,  lymphoma  malignant  mixed 

+ + + 

X X 

X 

SPECIAL  SENSES  SYSTEM 
Harderian  gland 
Adenoma 

4 

X 

URINARY  SYSTEM 
Kidney 

+ 4 

Benzaldehyde,  NTP  TR  378 


150 


TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  300  mg/kg 

(Continued) 


WEEKS  ON 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

L 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

STUDY 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CARCASS 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TOTAL: 

U 

» 

y 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

TISSUES 

ID 

9 

9 

9 

0 

0 

1 

1 

I 

2 

2 

2 

2 

3 

3 

4 

4 

4 

5 

6 

6 

6 

6 

7 

7 

7 

TUMORS 

3 

4 

5 

4 

5 

2 

3 

4 

2 

3 

4 

5 

4 

5 

3 

4 

5 

5 

2 

3 

4 

5 

3 

4 

5 

AUMENTARY"^STEM 
laUstins  small 
latastma  small,  jejunum 
Polyp  adenomatous 
Liver 

Hepatocellular  camnoma 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  mixed 
Mesentery 

Lymphoma  malignant  mixed 
Salivary  glands 
Stomacn 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Papilloma  squamous 
Stomach,  glandular 

CXRTJroVASCULAR  SYSTEM 

None 

ENDOCRINE  SYSTEM 
Pituitary  gland 
Pars  distalis,  adenoma 

GENERAL  BOD7  SYSTEM 

None 


4-  + 

4“  4- 


4-  4-  ^ 4-  4- 

4-  -i-  4-  4“  4- 


4-4-4-4-4-4-4-4-4- 


1 

1 

1 

s 

2 

1 

1 

2 
5 

• 1 
I 
50 
50 
1 
5 
50 


! ? 


GRNITAL  SYSTEM 

Ovary 

Uterus 

Leiomyoma 

Lymphoma  malignant  mixed 
Sarcoma  stromal 


4-  4-  4-  -h  4- 

X 


X 


rtEMATOPOiETic  System 
Blood 

Lymph  node 

Axillary,  lymphoma  malignant  mixed 
Bronchial,  lymphoma  malignant  mixed 
Iliac,  lymphoma  malignant  mixed 
Inguinal,  lymphoma  malignant  mixed 
Mediastinal,  lymphoma  malig.  mixed 
Pancreatic,  lymphoma  malignant  mixed 
Renal,  lymphoma  malignant  mixed 
Lymph  n^e,  mandibular 
Lymphoma  malignant  mixed 
Lymph  node,  mesentenc 
Lymphoma  malignant  mixed 
Spleen 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Adenocarcinoma 
Skin 

Papilloma  squamous 
Subcutaneous  tissue,  fibrosarcoma 

musculoskeletal  system 

Bone 

Skeletal  muscle 

NERVOUS  SYSTEM 
Brain 


4- 


X 


4-  + 4-4-4-4-4- 


X 


RESPIRATORY  SYSTEM 
Lung 

Alveolar/bronchiolar  adenoma 
Lymphoma  malignant  mixed 
Mediastinum,  lymphoma  malig.  mixed 

Special  senses  system 

Hardenan  gland 
Adenoma 

URINARY  SYSTEM 

Kidney 


+ 

X 


+ 


X 

X 

+ 

X 


X 

X X 


+ + + + + + + + 


14 

29 

1 

1 

2 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE  IN  THE  TWO-YEAR 

GAVAGE  STUDY  OF  BENZALDEHYDE:  600  mg/kg 


WEEKS  ON 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 
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1 

1 

1 

1 

1 

1 
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1 

1 

1 
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STUDY 
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6 

6 

7 
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7 

7 
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8 

8 

9 

9 
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0 
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3 

6 

0 

2 

6 
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7 

9 

9 

8 

9 

1 

2 

3 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

CAECASS 

S 

b 

H 

a 

8 

8 

8 

8 

8 

8 

7 

8 

8 

8 

8 

7 

7 

7 

7 

7 

7 

7 

7 

7 

8 

ID 

7 

7 

3 

0 

5 

I 

4 

5 

6 

4 

8 

3 

6 

4 

7 

8 

8 

8 

8 

9 

9 

9 

9 

9 

0 

1 

2 

1 

1 

1 

1 

1 

2 

L 

2 

1 

2 

2 

3 

3 

2 

3 

4 

5 

L 

2 

3 

4 

5 

2 

ALIMENTARY  SYSTEM 

Esophagus 

Gallbladder 

-h 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4- 

A 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

M 

4- 

4- 

4- 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  large 

+ 

4- 

A 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  large,  cecum 

+ 

4- 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  large,  colon 

+ 

4- 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  large,  rectum 

4- 

4- 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4“ 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  small 

+ 

4- 

A 

4- 

4- 

4- 

4- 

4* 

4* 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  small,  duodenum 

+ 

4- 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-f 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Intestine  small,  ileum 

4- 

4- 

A 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

-r 

4 

4 

4 

4 

4 

Intestine  small,  jejunum 

4- 

4- 

A 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

* 

4 

4 

4 

4 

4 

4 

4 

4 

Liver 

4- 

4- 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
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Lymphoma  malignant  mixed 
Pancreas 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Salivary  glands 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Papilloma  squamous 
Squamous  cell  carcinoma 
Stomach,  glandular 
Lymphoma  malignant  lymphocytic 

CAItDIOVASCULAR  SYSTEM 

Heart 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

ENDOCRINE  SVStEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adrenal  gland,  medulla 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 
Follicular  cell,  adenoma 

general  fiODY  SYSTEM 

None 

GENITAL  SYSTEM 

Ovary 

Uterus 

Adenocarcinoma 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Polyp  stromal 
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+ 
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4 

4 
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4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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4 
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4- 
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4 

4 
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4 
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4 
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4 

4 

4 

4 
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4 

4 

4 

4 
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4 

4 
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4 

4 

4 

4 
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TABI.K  1)2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  600  mg/kg 

(Continued) 


wcEicrofr 

STUDY 


CARCASS 

ID 


ALTXTCNTAllV  SYSTEM 

F oDhaipjt 
r«4llbladdar 
Intattine  larga 
Inta«tina  large,  cecum 
Intaitina  large,  colon 
Inlatline  large,  rectum 
Intatline  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Mesentery 

Lymphoma  malignant  mixed 
Pancreas 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Salivary  giands 

Lympno  Ta  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Papilloma  squamous 
Squamous  cell  carcinoma 
Stomach,  glandular 
Lymphoma  malignant  lymphocytic 

CARDIOVASCULAR  SYSTEM 

Heart 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

endocrine  system 

Adrenal  gland 
Adrenal  gland,  cortex 
Adrenal  gland,  medulla 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 
Follicular  cell,  adenoma 

general  30Dy  System  “ 

None 

Genital  system 

Ovary 

Uterus 

Adenocarcinoma 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Polyp  stromal 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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0 
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0 

0 

0 
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0 

0 

0 

0 

0 

0 
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0 
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0 

5 

5 

5 

5 

5 

5 

5 
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5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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U 

y 

s 

s 

s 

ti 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

TISSUES 

0 

0 

0 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

TUMORS 

3 

4 

5 

2 

3 

4 

5 

1 

2 

3 

4 

5 

3 

4 

5 

4 

5 

3 

4 

5 

3 

4 

5 

4 

5 

-f 

+ 

+ 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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(a)  Diagnosis  not  confirmed  by  PWG  or  NTP  pathologists.  See  Results  p.  42. 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  600  mg/kg 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


HEMATOPOIETIC  SYSTEM 

Blood 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Bone  marrow 
Lymph  node 

Axillary,  lymphoma  malignant  mixed 
Iliac,  lymphoma  malignant 
Iliac,  lymphoma  malignant  mixed 
Mediastinal,  lymphoma  malignant 
Mediastinal,  lymphoma  malignant  mixed 
Pancreatic,  lymphoma  malignant  mixed 
Renal,  lymphoma  malignant 
Renal,  lymphoma  malignant  mixed 
Lymph  node,  mandibular 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymph  node,  mesenteric 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcoma 
Hemangiosarcoma,  metastatic,  skin 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Adenocarcinoma 
Skin 

Subcutaneous  tissue,  hemangiosarcoma 
Subcutaneous  tissue,  lymphoma 
malignant  mixed,  multiple 

MUSCULOSltELETAL  SYSTEM 
Bone 

NERVOUS  SYSTEM 

Brain 

RESPiRATORY  SYSTEM 

Lung 

Adenocarcinoma,  metastatic,  mammary 
gland 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Nose 
Trachea 

SPECIAL  SENSES  SYSTEM 
Ear 

Harderian  gland 
Adenoma 

Lymphoma  malignant  mixed 

URTNSRY  SYSTEM 

Kidney 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Urinary  bladder 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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1 
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TABLK  I>2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  600  mg/kg 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


HEMATOPOIETTC  SYSTEM 

Blood 

Lymphoma  mali^ant  lymphocytic 
Lymphoma  malignant  mixed 
Bona  marrow 
Lymph  node 

Axiliary,  lymphoma  malignant  mixed 
Iliac,  lymphoma  malignant 
Iliac,  lymphoma  malignant  mixed 
MadiaUinal,  lymphoma  malignant 
Mediaitinal.  lymphoma  malig.  mixed 
Pancreatic,  lympnoma  malignant  mixed 
Renal,  lymphoma  malignant 
Renal,  lymphoma  malignant  mixed 
Lymph  ni^e.  mandibular 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymph  node,  mesenteric 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcnma 
Memangiosarcoma.  metastatic,  skin 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 

INTEGUMENTARY  SYSTEM 
Mammary  gland 
Adenocarcinoma 
Skin 

Subcutaneous  tissue,  hemangiosarcoma 
Subcutaneous  tissue,  lymphoma 
malignant  mixed,  multiple 

MUSCULOSKELETAL  SYSTEM 

Bone 

NWVOUS  SYSTEM 

Brain 

RESPmATORY  SYSTEM 

Lung 

Adenocarcinoma,  metastatic,  mammary 
gland 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Nose 
Trachea 

SPECIAL  SENSES  SYSTEM 
Ear 

Harderian  gland 
Adenoma 

Lymphoma  malignant  mixed 

UTONARY  SYSTEM 

Kidney 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 
Urinary  bladder 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant 
Lymphoma  malignant  mixed 


1 

1 

1 

1 
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TABLE  D3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  BENZALDEHYDE 


Vehicle  Control 

300  mg/kg 

600  mg/kg 

Liver:  Hepatocellular  Adenoma 

Overall  Rates  (a) 

1/50  (2%) 

(b)  2/8  (25%) 

4/49  (8%) 

Adjusted  Rates  (c) 

3.3% 

11.4% 

Terminal  Rates  (d) 

1/30(3%) 

4/35(11%) 

Day  of  First  Observation 

729 

729 

Life  Table  Test(e) 

P = 0.227 

Logistic  Regression  Test  (e) 

P = 0.227 

Fisher  Exact  Test  (e) 

P = 0.175 

Liver:  Hepatocellular  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

2/50  (4%) 

(b)  4/8  (50%) 

5/49(10%) 

Adjusted  Rates  (c) 

6.1% 

14.3% 

Terminal  Rates  (d) 

1/30(3%) 

5/35(14%) 

Day  of  First  Observation 

667 

729 

Life  Table  Test  (e) 

P = 0.282 

Logistic  Regression  Test  (e) 

P = 0.261 

Fisher  Exact  Test  (e) 

P = 0.210 

Pituitary  Gland/Pars  Distalis:  Adenoma 

Overall  Rates  (a) 

5/47(11%) 

(b)  1/3(33%) 

2/48  (4%) 

Adjusted  Rates  (c) 

17.2% 

5.6% 

Terminal  Rates  (d) 

5/29(17%) 

1/34(3%) 

Day  of  First  Observation 

729 

718 

Life  Table  Test  (e) 

P = 0.156N 

Logistic  Regression  Test  (e) 

P = 0.165N 

Fisher  Exact  Test  (e) 

P = 0.209N 

Forestomach:  Squamous  Papilloma 

Overall  Rates  (f) 

0/50  (0%) 

5/50(10%) 

6/50(12%) 

Adjusted  Rates  (c) 

0.0% 

15.6% 

16.2% 

Terminal  Rates  (d) 

0/30(0%) 

3/27(11%) 

5/35(14%) 

Day  of  First  Observation 

591 

526 

Life  Table  Tests  (e) 

P = 0.031 

P = 0.030 

P = 0.027 

Logistic  Regression  Tests  (e) 

P = 0.020 

P = 0.032 

P = 0.020 

Cochran-Armitage  Trend  Test  (e) 

P = 0.017 

Fisher  Exact  Test  (e) 

P = 0.028 

P = 0.013 

Hematopoietic  System:  Lymphoma,  All  Malignant 

Overall  Rates  (f) 

13/50(26%) 

(g)  9/50  (18%) 

15/50(30%) 

Adjusted  Rates  (c) 

36.9% 

27.5% 

37.2% 

Terminal  Rates  (d) 

9/30(30%) 

5/27(19%) 

10/35(29%) 

Day  of  First  Observation 

568 

612 

618 

Life  Table  Tests  (e) 

P = 0.522 

P = 0.307N 

P = 0.577 

Logistic  Regression  Tests  (e) 

P = 0.424 

P = 0.245N 

P = 0.475 

Cochran-Armitage  Trend  Test  (e) 

P==0.364 

Fisher  Exact  Test  (e ) 

P = 0.235N 

P = 0.412 

(a)  Number  of  tumor-bearing  animals/number  of  animals  examined  microscopically  at  the  site 

(b)  Incomplete  sampling  of  tissues 

(c)  Kaplan-Meier  estimated  tumor  incidences  at  the  end  of  the  study  after  adjusting  for  intercurrent  mortality 

(d)  Observed  tumor  incidence  in  animals  killed  at  the  end  of  the  study 

(e)  Beneath  the  vehicle  control  incidence  are  the  P values  associated  with  the  trend  test.  Beneath  the  dosed  group  incidence  are 
the  P values  corresponding  to  pairwise  comparisons  between  that  dosed  group  and  the  vehicle  controls.  The  life  table  analysis 
regards  tumors  in  animals  dying  prior  to  terminal  kill  as  being  (directly  or  indirectly)  the  cause  of  death.  The  incidental  tumor 
test  regards  these  lesions  as  nonfatal.  The  Cochran-Armitage  and  Fisher  exact  tests  compare  directly  the  overall  incidence 
rates.  A negative  trend  or  a lower  incidence  in  a dosed  group  than  in  vehicle  controls  is  indicated  by  ( N ). 

(f)  Number  of  tumor-bearing  animals/number  of  animals  examined  grossly  at  the  site 

(g)  Eighteen  spleens  and  10  lymph  nodes  were  examined  microscopically. 
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TABLE  D4.  HISTORICAL  INCIDENCE  OF  FORESTOMACH  SQUAMOUS  CELL  TUMORS  IN  FEMALE 
B6C3Fi  MICE  ADMINISTERED  CORN  OIL  BY  GAVAGE  (a) 


Study 

Incidence  of  Papillomas  or  Carcinomas  in  Vehicle  Controls 

Historical  Incidence  at  Southern  Research  Institute 

Ethyl  acrylate 

1/50 

Benzyl  acetate 

0/50 

Allyl  isovalerate 

1/50 

HC  Red  No.  3 

0/50 

Chlorinated  paraffins  (C23, 43%  chlorine) 

0/49 

Allyl  isothiocyanate 

0/47 

Geranyl  acetate 

0/50 

C.l.  Acid  Orange  3 

4/'50 

Chlorinated  paraffins  (C12. 60%  chlorine) 

2/50 

TOTAL 

(b)  8/446  (1.8%) 

SD(c) 

2.73% 

Range (d) 

High 

4/50 

Low 

0/50 

Overall  Historical  Incidence 

TOTAL 

(e)  33/2,047  (1.6%) 

SD(c) 

2.76% 

Range (d) 

High 

(b)  5/44 

Low 

0/50 

(a)  Data  as  of  May  12, 1988,  for  studies  of  at  least  104  weeks 

(b)  All  squamous  cell  papillomas 

(c)  Standard  de\iation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(e)  Includes  2 papillomas,  NOS,  30  squamous  cell  papillomas,  and  1 squamous  cell  carcinoma 
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TABLE  D5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE  IN  THE 

TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE 


Vehicle  Control 

300  mg/kg 

600  mg/kg 

Animals  initially  in  study 

50 

50 

50 

Animals  removed 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

ALIMENTARY  SYSTEM 

Intestine  large,  rectum 

(45) 

(49) 

Inflammation,  chronic 

1 (2%) 

Liver 

(50) 

(8) 

(49) 

Focal  cellular  change 

1 (2%) 

Hematopoietic  cell  proliferation,  multifocal 

2 (4%) 

4 (8%) 

Hemorrhage,  multifocal 

2 (4%) 

Necrosis,  multifocal 

3 (6%) 

2 (4%) 

Vacuolization  cytoplasmic,  diffuse 

1 (2%) 

1 (13%) 

Vacuolization  cytoplasmic,  focal 

1 (13%) 

Centrilobular,  necrosis 

1 (2%) 

Sinusoid,  infiltration  cellular. 

polymorphonuclear 

5 (10%) 

1 (2%) 

Mesentery 

(11) 

(5) 

(6) 

Abscess 

1 (9%) 

1 (17%) 

Inflammation,  suppurative,  acute 

4 (36%) 

2 (33%) 

Fat,  necrosis,  focal 

2 (18%) 

3 (60%) 

1 (17%) 

Fat,  necrosis,  multifocal 

1 (20%) 

Salivary  glands 

(49) 

(1) 

(49) 

Hemorrhage 

1 (100%) 

Stomach,  forestomach 

(50) 

(50) 

(50) 

Cyst 

1 (2%) 

Hyperplasia,  focal 

10  (20%) 

15  (30%) 

18  (36%) 

Hyperplasia,  lymphoid 

1 (2%) 

Hyperplasia,  multifocal 

2 (4%) 

8 (16%) 

21  (42%) 

Inflammation,  subacute,  focal 

1 (2%) 

Inflammation,  suppurative,  acute,  focal 

4 (8%) 

7 (14%) 

4 (8%) 

Inflammation,  suppurative,  acute,  multifocal 

1 (2%) 

3 (6%) 

Mineralization 

1 (2%) 

Ulcer 

2 (4%) 

1 (2%) 

3 (6%) 

Stomach,  glandular 

(50) 

(50) 

(50) 

Mineralization 

1 (2%) 

Tooth 

(1) 

Dysplasia 

1 (100%) 

CARDIOVASCULAR  SYSTEM 

None 

ENDOCRINE  SYSTEM 


Adrenal  gland,  cortex 

(50) 

(50) 

Cyst 

2 (4%) 

Degeneration,  fatty,  focal 

1 (2%) 

Hyperplasia,  focal 

1 (2%) 

Hypertrophy,  focal 

1 (2%) 

Spindle  cell,  hyperplasia 

1 (2%) 

Adrenal  gland,  medulla 

(50) 

(50) 

Hyperplasia,  focal 

2 (4%) 

1 (2%) 

Bilateral,  infiltration  cellular. 

polymorphonuclear 

1 (2%) 

Parathyroid  gland 

(42) 

(47) 

Cyst 

1 (2%) 

Pituitary  gland 

(47) 

(3) 

(48) 

Pars  distalis,  angiectasis 

1 (2%) 

4 (8%) 

Pars  distalis,  cyst 

1 (2%) 

Pars  distalis,  hyperplasia,  focal 

3 (6%) 

1 (33%) 

4 (8%) 
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TABLE  D5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

300  mg/kg 

600  mg/kg 

ENDOCRINE  SYSTEM  (Continued) 

Thyroid  gland 

(49) 

(49) 

C-cell,  hyperplasia,  focal 

1 (2%) 

Follicle,  cyst 

3 (6%) 

Follicle,  degeneration,  cystic 

4 (8%) 

Follicular  cell,  hyperplasia,  focal 

2 (4%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Ovary 

(47) 

(14) 

(44) 

Abscess 

4 (9%) 

6 (43%) 

1 (2%) 

Abscess,  multiple 

4 (9%) 

2 (14%) 

6 (14%) 

Cyst 

10  (21%) 

6 (43%) 

9 (20%) 

Inflammation,  chronic 

1 (2%) 

Uterus 

(50) 

(29) 

(50) 

Hydrometria 

6 (12%) 

6 (21%) 

4 (8%) 

Hyperplasia,  cystic 

45  (90%) 

27  (93%) 

39  (78%) 

Inflammation,  suppurative,  acute 

6 (12%) 

2 (7%) 

6 (12%) 

HEMATOPOIETIC  SYSTEM 

Blood 

(4) 

(4) 

(2) 

Leukocytosis 

1 (25%) 

Polychromasia 

3 (75%) 

Bone  marrow 

(50) 

(50) 

Myelofibrosis 

2 (4%) 

2 (4%) 

Myeloid  cell,  hyperplasia 

2 (4%) 

Lymph  node 

(50) 

(10) 

(50) 

Bronchial,  inflammation,  suppurative,  acute 

1 (2%) 

Deep  cervical,  hyperplasia 

1 (2%) 

Iliac,  ectasia 

1 (2%) 

Iliac,  hyperplasia 

3 (30%) 

1 (2%) 

Iliac,  inflammation,  suppurative,  acute 

1 (10%) 

Mediastinal,  hyperplasia 

1 (2%) 

1 (10%) 

Mediastinal,  inflammation,  suppurative,  acute 

1 (2%) 

1 (2%) 

Renal,  hyperplasia 

4 (8%) 

2 (20%) 

2 (4%) 

Lymph  node,  mandibular 

(48) 

(3) 

(47) 

Angiectasis 

1 (2%) 

Hyperplasia 

4 (8%) 

1 (2%) 

Lymph  node,  mesenteric 

(47) 

(5) 

(45) 

Angiectasis 

1 (2%) 

1 (2%) 

Hyperplasia 

2 (4%) 

2 (4%) 

Spleen 

(50) 

(18) 

(49) 

Atrophy 

1 (6%) 

Fibrosis,  focal 

1 (2%) 

Hematopoietic  cell  proliferation 

13  (26%) 

8 (44%) 

7 (14%) 

Hemorrhage,  focal 

1 (2%; 

Hyperplasia,  lymphoid 

1 (2%) 

3 (6%) 

Hyperplasia,  lymphoid,  focal 

1 (6%) 

Necrosis,  focal 

1 (2%) 

1 (2%) 

Thymus 

(47) 

(47) 

Atrophy 

2 (4%) 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(48) 

(2) 

(49) 

Duct,  cyst 

4 (8%) 

3 (6<i  1 
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TABLE  D5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  BENZALDEHYDE  (Continued) 


Vehicle  Control 

300  mg/kg 

600  mg/kg 

INTEGUMENTARY  SYSTEM  (Continued) 

Skin 

(50) 

(48) 

(50) 

Subcutaneous  tissue,  hemorrhage 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Bone 

(50) 

(1) 

(50) 

Cranium,  hypertrophy,  focal 

1 (100%) 

NERVOUS  SYSTEM 

Brain 

(50) 

(1) 

(50) 

Compression 

1 (2%) 

1 (100%) 

Hemorrhage,  multifocal 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

(4) 

(50) 

Congestion 

1 (2%) 

Hemorrhage,  multifocal 

1 (2%) 

Hyperplasia,  lymphoid 

1 (2%) 

Hyperplasia,  lymphoid,  focal 

1 (2%) 

Pigmentation,  hemosiderin 

1 (2%) 

Alveolar  epithelium,  hyperplasia,  focal 

2 (4%) 

Mediastinum,  inflammation,  suppurative,  acute 

3 (6%) 

1 (2%) 

Nose 

(50) 

(50) 

Foreign  body 

1 (2%) 

2 (4%) 

Fungus 

1 (2%) 

Inflammation,  suppurative,  acute 

1 (2%) 

1 (2%) 

Nasolacrimal  duct,  inflammation,  subacute 

1 (2%) 

SPECIAL  SENSES  SYSTEM 

None 

URINARY  SYSTEM 

Kidney 

(50) 

(2) 

(49) 

Hydronephrosis 

2 (4%) 

Metaplasia,  osseous,  focal 

1 (2%) 

Capsule,  inflammation,  suppurative,  acute 

1 (2%) 

Glomerulus,  inflammation,  chronic 

2 (4%) 

1 (2%) 

Papilla,  necrosis 

1 (2%) 

Renal  tubule,  atrophy,  multifocal 

1 (2%) 

Renal  tubule,  degeneration,  multifocal 

2 (4%) 

Renal  tubule,  dilatation,  multifocal 

3 (6%) 

1 (2%) 

Renal  tubule,  nuclear  alteration,  multifocal 

2 (4%) 

Renal  tubule,  regeneration,  multifocal 

2 (4%) 

2 (4%) 
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APPENDIX  E 


SENTINEL  ANIMAL  PROGRAM 


TABLE  El  MURINE  ANTIBODY  DETERMINATIONS  FOR  RATS  AND  MICE  IN  THE  TWO-YEAR 
GAVAGE  STUDIES  OF  BENZALDEHYDE 
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APPENDIX  E.  SENTINEL  ANIMAL  PROGRAM 


Methods 


Rodents  used  in  the  Carcinogenesis  Program  of  the  National  Toxicology  Program  are  produced  in  op- 
timally clean  facilities  to  eliminate  potential  pathogens  that  may  affect  study  results.  The  Sentinel 
Animal  Program  is  part  of  the  periodic  monitoring  of  animal  health  that  occurs  during  the  toxicologic 
evaluation  of  chemical  compounds.  Under  this  program,  the  disease  state  of  the  rodents  is  monitored 
via  serology  on  sera  from  extra  (sentinel)  animals  in  the  study  rooms.  These  animals  are  untreated, 
and  these  animals  and  the  study  animals  are  both  subject  to  identical  environmental  conditions.  The 
sentinel  animals  come  from  the  same  production  source  and  weanling  groups  as  the  animals  used  for 
the  studies  of  chemical  compounds. 


Fifteen  B6C3Fi  mice  and  15  F344/N  rats  of  each  sex  were  selected  at  the  time  of  randomization  and 
allocation  of  the  animals  to  the  various  study  groups.  Five  animals  of  each  designated  sentinel  group 
were  killed  at  6,  12,  and  18  months  on  study.  Data  from  animals  surviving  24  months  were  collected 
from  5/50  randomly  selected  vehicle  control  animals  of  each  sex  and  species.  The  blood  from  each  ani- 
mal was  collected  and  clotted,  and  the  serum  was  separated.  The  serum  was  cooled  on  ice  and  shipped 
to  Microbiological  Associates’  Comprehensive  Animal  Diagnostic  Service  for  determination  of  the 
antibody  titers.  The  following  tests  were  performed; 


Hemagglutination 

Inhibition 


Complement 

Fixation 


ELISA 


Mice 


PVM  (pneumonia  virus  of  mice) 
Reo  3 (reovirus  type  3) 

GDVII  (Theiler’s  encephalo- 
myelitis virus) 

Poly  (polyoma  virus) 

MVM  (minute  virus  of  mice) 
Ectro  (infectious  ectromelia) 
Sendai  (12,18,24  mo) 


M.  Ad.  (mouse  adenovirus) 
LCM  (lymphocytic  chorio- 
meningitis virus) 

Sendai  (6  mo) 


MHV  (mouse  hepatitis 
virus) 

M.  pul.  (Mycoplasma 
pulmonis)  (18,24  mo) 


Rats  PVM 

KRV  (Kilham  rat  virus) 
H-1  (Toolan’sH-1  virus) 
Sendai  (12,18,24  mo) 


RCV  (rat  coronavirus) 
(6,12  mo) 

Sendai  (6  mo) 


M.  pul.  (18,24  mo) 
RCV/SDA  (sialodacryo- 
adenitis  virus)  (18,24  mo) 


Results 

Results  are  presented  in  Table  El. 
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TABLE  El.  MURINE  ANTIBODY  DETERMINATIONS  FOR  RATS  AND  MCE  IN  THE  TWO-YEAR 

GAVAGE  STUDIES  OF  BENZALDEHYDE  (a) 


Number  of 

Positive  Serologic 

Interval  (months) 

Animals 

Reaction  for 

RATS 


6 

5/10 

KRV 

12 

~ 

None  positive 

18 

2/9 

M.  pulAh) 

24 

- 

None  positive 

MICE 

6 

— 

None  positive 

12 

- 

None  positive 

18 

- 

None  positive 

24 

None  positive 

(a)  Blood  samples  were  taken  from  sentinel  animals  at  6, 12,  and  18  months  after  the  start  of  dosing  and  from  the  vehicle  control 
animals  just  before  they  were  killed;  samples  were  sent  to  Microbiological  Associates,  Inc.  (Bethesda,  MDl  for  determination  of 
antibody  titers. 

lb)  Further  evaluation  of  this  assay  indicated  that  it  was  not  specific  for  M.  pulmonis,  and  these  results  were  considered  to  be 
false  positive. 
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APPENDIX  F 


INGREDIENTS,  NUTRIENT  COMPOSITION,  AND 
CONTAMINANT  LEVELS  IN 
NIH  07  RAT  AND  MOUSE  RATION 


Pellet  Diet:  November  1981  to  December  1983 

(Manufactured  by  Zeigler  Bros.,  Inc.,  Gardners,  PA) 


TABLE  FI  INGREDIENTS  OF  NIH  07  RAT  AND  MOUSE  RATION 
TABLE  F2  VITAMINS  AND  MINERALS  IN  NIH  07  RAT  AND  MOUSE  RATION 
TABLE  F3  NUTRIENT  COMPOSITION  OF  NIH  07  RAT  AND  MOUSE  R.ATION 
TABLE  F4  CONTAMINANT  LEVELS  IN  NIH  07  RAT  AND  MOUSE  RATION 
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TABLE  FI.  INGREDIENTS  OF  NIH  07  RAT  AND  MOUSE  RATION  (a) 


Ingredients  Cb) 

Percent  by  Weight 

Ground  #2  yellow  shelled  com 

24.50 

Ground  hard  winter  wheat 

23.00 

Soybean  meal  (49%  protein) 

12.00 

Fish  meal  ( 60%  protein) 

10.00 

Wheat  middlings 

10.00 

Dried  skim  milk 

5.00 

Alfalfa  meal  (dehydrated,  17%  protein) 

4.00 

Cdra  gluten  meal  (60%  protein) 

3.00 

Soy  on 

2.50 

Dried  brewer’s  yeast 

2.00 

Dry  molasses 

1.50 

Dicalcium  phosphate 

1.25 

Ground  limestone 

0.50 

Salt 

0.50 

Premixes  (vitamin  and  mineral) 

0.25 

(a)  NCI,  1976;  NIH,  1978 

(b)  Ingredients  ground  to  pass  through  a L".S.  Standard  Screen  No. 

16  before  being  mixed 

TABLE  F2.  \HTA>nNS  AND  MIN7ERALS  IN  NIH  07 

RAT  ANT)  MOUSE  RATION  (a) 

.Amount 

Source 

Vitamins 

A 

5,500,000  lU 

Stabilized  vitamin  A palmitate  or  acetate 

D.3 

4,600,000  lU 

D-activated  animal  sterol 

K,3 

2.8  g 

Menadione 

d-u-Tocopheryl  acetate 

20,000  lU 

Choline 

560.0  g 

ChoUne  chloride 

Folic  acid 

2.2  g 

Niacin 

30.0  g 

d-Pantothenic  acid 

18.0  g 

d-Calcium  pantothenate 

Riboflavin 

3.4  g 

Thiamine 

10.0  g 

Thiamine  mononitrate 

Bi2 

4,000  pg 

P^.'ridoxine 

1.7  g 

E*yridoxine  hydrochloride 

Biotin 

140.0  mg 

d-Biotin 

Minerals 

Iron 

120.0  g 

Iron  sulfate 

Manganese 

60.0  g 

Manganous  oxide 

Zinc 

16.0  g 

Zinc  oxide 

Copper 

4.0  g 

Copper  sulfate 

Iodine 

1.4g 

Calcium  iodate 

Cobalt 

0.4  g 

Cobalt  carbonate 

(a)  Per  ton  (2,000  lb)offinished  product 
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TABLE  F3.  NUTRIENT  COMPOSITION  OF  NTH  07  RAT  AND  MOUSE  RATION 


Nutrients 

Mean  r Standard 
De^dation 

Range 

Number  of 
Samples 

Protein  ipercent  by  weight* 

23.59 

0.94 

22J>-26.3 

26 

Crude  fat  i percent  by  weight* 

4.96 

0.52 

3.3-5.7 

26 

C rude  fiber  i percent  by  weight  > 

3.39 

g: 

0.52 

2.9-S.6 

26 

•Ash  1 percent  by  weight' 

6.51 

0.49 

5.7-7.3 

26 

Amino  Acids  'percent  of  total  diet' 

Arginine 

1.32 

+ 

0.072 

1.310-1.390 

5 

Cysune 

0.319 

-± 

0.088 

0.218-0.400 

5 

Glvcine 

1.146 

± 

0.063 

1.060-1.210 

5 

Histidine 

0.571 

± 

0.026 

0.531-0.603 

5 

Isoleucine 

0.914 

± 

0.030 

0.881-0.944 

5 

Leucine 

1.946 

-1- 

0.056 

1.850-1.990 

5 

Lvsine 

1.280 

± 

0.067 

1J>00-1.370 

5 

Methionine 

0.436 

0.165 

0.306-0.699 

5 

Phenylalanine 

0.938 

± 

0.158 

0.665-1.05 

5 

Threonine 

0.S55 

± 

0.035 

0.824-0.898 

5 

Tryptophan 

0.277 

± 

0.221 

0.156-0.671 

5 

Tvrosine 

0.618 

0.086 

0.564-0.769 

5 

Valine 

1.108 

0.043 

1.050-1.170 

5 

Essential  Fatty  Acids  percent  of  total  dief 
Linoleic  2.290 

0.313 

1.83-2.52 

5 

Linolenic 

0.258 

0.040 

0.210-0.308 

5 

NTtamins 

Vitamin  A < lU  "ke ) 

12.084 

4,821 

3,600-24,000 

26 

Vitamin  D ( lU/lce ) 

4.450 

± 

1,382 

3,000-6,300 

4 

Q-Tocopherol  i ppm  i 

43.58 

± 

6.92 

31.1-48.0 

5 

Thiamine  ppm' 

16.9 

2.42 

12.0-21.0 

26 

Riboflavin  > ppm ' 

7.6 

0.85 

7.58-8.2 

5 

Niacin  1 ppm* 

97.8 

± 

31.68 

65.0-150.0 

5 

Pantothenic  acid  (ppm* 

30.06 

± 

4.31 

23.0-34.0 

5 

P>Tidoiine(ppm* 

7.68 

X 

1.31 

5.60-8.8 

5 

Folic  acid  1 ppm* 

2.62 

0.89 

1.80-3.7 

5 

Biotin  i ppm* 

0.254 

± 

0.053 

0.19-0.32 

5 

Vitamin  B.  -.(ppb* 

24.21 

± 

12.66 

10.6-38.0 

5 

Choline  (ppm) 

3,122 

X 

416.8 

2,400-3,430 

5 

Minerals 

Calcium  (percent) 

1.30 

+ 

0.13 

1.11-1.63 

26 

Phosphorus  (percent* 

0.97 

± 

0.05 

O.SS-1.10 

26 

Potassium  (percent  1 

0.900 

X 

0.098 

0.772-0.971 

3 

Chloride  (percent* 

0.513 

X 

0.114 

0.380-0.635 

5 

Sodium  (percent* 

0.323 

X 

0.043 

0.258-0.371 

5 

Magnesium  ( percent) 

0.167 

X 

0.012 

0.151-0.181 

5 

Sulfur  (percent) 

0.304 

X 

0.064 

0.268-0.420 

5 

Iron  (ppm) 

410.3 

X 

94.04 

262.0-523.0 

5 

Manganese  (ppm* 

90.29 

± 

7.15 

81.7-99.4 

5 

Zinc  (ppm) 

52.78 

4.94 

46.1-58.2 

5 

Copper  (ppm) 

10.72 

X 

2.76 

8.09-15.39 

5 

Iodine  (ppm* 

2.95 

X 

1.05 

1.52-3.82 

4 

Chromium  (ppm) 

1.85 

± 

0.25 

1.44-2.09 

5 

Cobalt  (ppm) 

0.681 

— 

0.14 

0.490-0.780 

4 
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TABLE  F4.  CONTAMINANT  LEVELS  IN  NIH  07  RAT  AND  MOUSE  RATION 


Contaminants 

Mean  ± Standard 
Deviation 

Range 

Number  of 
Samples 

Arsenic  (ppm) 

0.52  ± 0.13 

0.29-0.77 

26 

Cadmium  (ppm)  (a) 

<0.10 

26 

Lead  (ppm) 

0.76  ± 0.62 

0.33-3.37 

26 

Mercury  (ppm)  (a) 

<0.05 

26 

Selenium  (ppm) 

0.29  ± 0.07 

0.13-0.40 

26 

Aflatoxins(ppb)(a) 

<5.0 

26 

Nitrate  nitrogen  (ppm)  (b) 

8.66  ± 4.47 

0.10-22.0 

26 

Nitrite  nitrogen  (ppm)  (b) 

2.16  ± 1.97 

0.10-7.20 

26 

BHA  (ppm)  (c) 

4.63  ± 4.74 

2.0-17.0 

26 

BHT  (ppm)(c) 

2.67  ± 2.58 

0.9-12.0 

26 

Aerobic  plate  count  (CFU/g)  (d) 

41,212  ± 34,610 

4,900-130,000 

26 

Coliform  (MPN/g)  (e) 

48.42  ± 123 

3.0-460 

26 

E.  coli  (MPN/g)  (a) 

<3.0 

26 

Total  nitrosamines (ppb) (f) 

5.25  ± 5.80 

1.7-30.9 

26 

iV-Nitrosodimethylamine  (ppb)  (f) 

4.12  ± 5.83 

0.8-30.0 

26 

A/-Nitrosopyrrolidine  (ppb)  (f) 

1.13  ± 0.46 

0.81-2.9 

26 

Pesticides  (ppm) 

a-BHC  (a,g) 

<0.01 

26 

p-BHC(a) 

<0.02 

26 

y-BHC-Lindane  (a) 

<0.01 

26 

5-BHC(a) 

<0.01 

26 

Heptachlor  (a) 

<0.01 

26 

Aldrin  (a) 

<0.01 

26 

Heptachlor  epoxide  (a) 

<0.01 

26 

DDE  (a) 

<0.01 

26 

DDD  (a) 

<0.01 

26 

DDT  (a) 

<0.01 

26 

HCB(a) 

<0.01 

26 

Mirex  (a) 

<0.01 

26 

Methoxychlor  (a) 

<0.05 

26 

Dieldrin  (a) 

<0.01 

26 

Endrin  (a) 

<0.01 

26 

Telodrin  (a) 

<0.01 

26 

Chlordane  (a) 

<0.05 

26 

Toxaphene (a) 

<0.1 

26 

Estimated  PCBs  (a) 

<0.2 

26 

Ronnel  (a) 

<0.01 

26 

Ethion  (a) 

<0.02 

26 

Trithion  (a) 

<0.05 

26 

Diazinon  (a) 

<0.1 

26 

Methyl  parathion  (a) 

<0.02 

26 

Ethyl  parathion  (a) 

<0.02 

26 

Malathion  (h) 

0.10  ± 0.09 

0.05-0.45 

26 

Endosulfan  1 (a) 

<0.01 

26 

Endosulfan  11  (a) 

<0.01 

25 

Endosulfan  sulfate  (a) 

<0.03 

26 

(a)  All  values  were  less  than  the  detection  limit,  given  in  the  table  as  the  mean. 

(b)  Source  of  contamination:  alfalfa,  grains,  and  fish  meal 

(c)  Source  of  contamination;  soy  oil  and  fish  meal 

(d) CFU  = colony-forming  unit 

(e) MPN  = most  probable  number 

(f)  All  values  were  corrected  for  percent  recovery. 

(g) BHC  = hexachlorocyclohexane  or  benzene  hexachloride 

(h)  Thirteen  batches  contained  more  than  0.05  ppm. 
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APPENDIX  G.  CHEMICAL  CHARACTERIZATION 


Procurement  and  Characterization  of  Benzaldehyde 

Benzaldehyde  (USP-grade)  was  obtained  in  two  lots  (Table  Gl).  Purity  and  identity  analyses  were 
conducted  at  Midwest  Research  Institute  (MRI)  (Kansas  City,  MO).  MRI  reports  on  analyses  per- 
formed in  support  of  the  benzaldehyde  studies  are  on  file  at  the  National  Institute  of  Environmental 
Health  Sciences. 

The  study  chemical  was  identified  as  benzaldehyde  by  infrared,  ultraviolet/visible,  and  nuclear  mag- 
netic resonance  spectroscopy.  The  infrared  and  nuclear  magnetic  resonance  spectra  (Figures  G1-G4) 
were  consistent  with  those  expected  for  the  structure  and  with  literature  spectra  (Sadtler  Standard 
Spectra).  The  ultraviolet/visible  spectra  were  consistent  with  that  expected  for  the  structure  of 
benzaldehyde. 

The  purity  of  both  lots  of  the  study  chemical  was  determined  by  elemental  analysis,  Karl  Fischer 
water  analysis,  reaction  of  the  carbonyl  group  with  hydroxylammonium  chloride  in  the  presence  of  2- 
dimethylaminoethanol  and  back-titration  with  perchloric  acid  of  the  excess  hydroxylamine,  titration 
with  sodium  hydroxide  to  determine  free  acid  content  (as  benzoic  acid),  and  gas  chromatography.  Gas 
chromatography  was  performed  with  flame  ionization  detection,  a nitrogen  carrier,  a 20% 
SP2100/0. 1%  Carbowax  1500  column  (system  1)  or  a 10%  Carbowax  20M-TPA  column  (system  2). 

Results  of  elemental  analysis  of  lot  no.  JE5718HE  for  carbon  and  hydrogen  were  in  agreement  with 
the  theoretical  values.  This  lot  contained  0.21%  water  by  Karl  Fischer  analysis.  Reaction  of  the  car- 
bonyl group  indicated  99.5%  purity.  Free  acid  content  as  benzoic  acid  was  0.38%.  Gas  chromatogra- 
phy by  system  1 indicated  one  impurity,  with  an  area  0.23%  of  the  major  peak  area.  Gas  chromatog- 
raphy with  system  2 showed  only  the  major  peak,  and  no  impurities  were  observed  with  areas  greater 
or  equal  to  0.1%  of  the  major  peak  area. 

Results  of  elemental  analysis  of  lot  no.  005-0120  for  carbon  and  hydrogen  were  in  agreement  with  the 
theoretical  values.  This  lot  contained  0.24%  water  by  Karl  Fischer  analysis.  Titration  of  the  car- 
bonyl group  indicated  97.8%  purity.  Free  acid  content  as  benzoic  acid  was  0.38%.  Gas  chromatog- 
raphy by  both  systems  showed  only  the  major  peak  and  detected  no  impurities  with  areas  greater 
than  or  equal  to  0. 1%  of  the  major  peak  area. 


TABLE  Gl.  IDENTITY  AND  SOURCE  OF  BENZALDEHYDE  USED  IN  THE  GAVAGE  STUDIES 


Sixteen-Day  Studies  Thirteen-Week  Studies  Two-Year  Studies 


Lot  Numbers 
JE5718HE 


JE5718HE 


JE5718HE;  005-0120 


Date  of  Initial  Use 
1/26/81 


4/1/81 


Lot  no.  005-0120-06/16/83 


Supplier 

Aldrich  Chemical  Co. 
(Milwaukee,  WI) 


Aldrich  Chemical  Co. 
(Milwaukee,  WI) 


Lot  no.  JE5718HE-Aldrich  Chemical  Co.  (Milwaukee,  WI); 
lot  no.  005-0120-R.W.  Greeff  (Old  Greenwich,  CT) 
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FIGURE  H2.  NUCLEAR  MAGNETIC  RESONANCE  SPECTRUM  OF  BENZALDEHYDE  (LOT  NO.  JE5718HE) 
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APPENDIX  G.  CHEMICAL  CHARACTERIZATION 


Berraldehyde  sndies  perforried  by  chrorrii.r^r'gT'rhy  Ts-iih.  ibe  s.=ne  co'.siir.  a=  iba:  de- 

scnbeci  for  syste”  2 arni  A-itb  O-S*^  hexadecajie  in  — e±.yiene  boride  a=  an  internal  ?^an•(iand  indi- 
cated tnat  cenzaxehyde  wa=  stadie  for  2 -sr—ks  Ts-ben  arorec,  protected  fr:~  iigibn  a:  :e~perarjne=  up 
to  2-5"  C Slight  deccntpc'sitiou  -waa  ubser'.'ed  wben  benzaldebyde  «raa  atcred  a:  d'f?'  C :;r  2 Ts-erk= 
Refr.geratior.  *a5  recon.rr.endec-  Containers  were  repackaged  into  aunder  glass  dottles  tbat  -ss-ere 
rushed  ■*i.tn  rutrogen  and  stored  at  -5’  C sealed,  ts  plastic  eentainers-  Peritdic  analysis  by  gas  ebrena- 
tegrapr.y  and  titration  o:  the  tree  acid  indicated  no  deterioration  during  the  srudies  The  :ientir«- 
tne  study  cbenaical  was  coruimed  fay  infrared  analysis  on  lot  no.  Jb-5715HE  4 ntontbs  after  receipt  at 
the  stucy  '.ad-;>ra:oiy  and  or.  lot  no.  006-yl2'j  after  receipt  at  the  srudy  laboratory. 

Preparation  and  Characterization  of  Dose  Formulations 

The  apprtprlate  amounts  of  benzaidebyde  and  com  oil  were  mixed  to  give  tne  desired  cor. centra tior_s 
Table  G2  . Containers  were  f.’usbed  with  nitrogen  and  dose  iO'rmtila,tions  were  kept  -under  rutreg-en. 
F :r  tne  lo-day  srudies,  soltitior_s  were  prepared  weig-blt  tt©  volTume;  for  the  1-S-week  and  2-year  srudies. 
mixtures  were  prepared  volume  to  weig-bt.  The  stability  of  b-er..~aldebyde  in  com  oil  was  determined 
oy  gas  chrontatograpby  witb  a 1'^  5?1CM)0  column  after  the  sample  was  extracteu  with  metbar.ol  . 
with  ar.isole  as  art  internal  stancartb  and  -witb  Fame  ioniza-Fon  deteoFon  3-ennaldebyde  dis^solved  in 
corn  oil  at  afac-ut  SO  mg  mi  was  found  to  be  stable  at  room  temperarure  in  the  dark  for  14  days  when 
stored  in  sealed  '.uals.  .A  small  approximately  loss  z-ccurred  when  benzaidebyde  in  com  oF  was 
expz-sed  to  air  and  light  for  3 hours  at  room  temperarure.  D-zse  form-uiaFons  were  st.tred  in  tne  dark 
at  room  temperarure  under  mitno-gen  for  no  more  tbar.  14  days  throughout  tne  srudies, 

Perl'xiic  analysis  of  prepared  benzaidebyde  com  oil  dose  lormuIaFons  was  ccnducted  at  tne  srudy 
laboratory  and  the  anal>iFcal  chemistry  laboratory.  During  the  13-week  srudies.  dzse  formulations 
were  analyzed  two  times,  and  itbe  concentraFon  of  benzaidebyde  in  com  oF  was  determined  by  uitra- 
Wotec  \FsifaIe  spectrometry.. 
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APPENDIX  G.  CHEMICAL  CHARACTERIZATION 


During  the  13-week  studies,  all  dose  formulations  were  found  to  be  within  ±10%  of  the  target 
concentrations  by  the  study  laboratory  (Table  G3).  The  referee  laboratory  analyzed  one  dose 
formulation  and  found  it  to  be  within  specifications. 

During  the  2-year  studies,  the  dose  formulations  were  analyzed  at  approximately  8-week  intervals. 
The  formulations  were  within  ±10%  of  the  target  concentrations  approximately  96%  (77/80)  of  the 
time  throughout  the  studies  (Table  G4).  Results  of  periodic  referee  analysis  performed  by  the  analyti- 
cal chemistry  laboratory  indicated  generally  good  agreement  with  the  results  from  the  study  labora- 
tory (Table  G5). 

TABLE  G3.  RESULTS  OF  ANALYSIS  OF  DOSE  FORMULATIONS  IN  THE  THIRTEEN-WEEK  GAVAGE 

STUDIES  OF  BENZALDEHYDE 


Concentration  of  Benzaldehyde  in  Corn  Oil  (mg/g)  Determined  as  a 
Date  Mixed  Target  Determined  (a)  Percent  of  Target 


03/25/81 


05/13/81 


8.16 

8.39 

103 

10.88 

11.2 

103 

16.32 

16.1 

99 

21.76 

22.0 

101 

32.64 

32.3 

99 

43.53 

45.4 

104 

65.29 

66.8 

102 

87.05 

85.2 

98 

130.58 

135.2 

104 

174.1 

178.9 

103 

8.16 

8.5 

104 

10.88 

11.2 

103 

16.32 

17.0 

104 

21.76 

22.6 

104 

32.64 

34.4 

105 

43.53 

45.6 

105 

65.29 

69.8 

107 

87.05 

90.7 

104 

130.58 

140.8 

108 

174.1 

186.8 

107 

43.53 

(b)42.5 

97. 

(a)  Results  of  duplicate  analysis 

(b)  Referee  analysis;  results  of  triplicate  analysis. 
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TABLE  G4.  RESULTS  OF  ANALYSIS  OF  DOSE  FORMULATIONS  IN  THE  TWO-YEAR  GAVAGE  STUDIES 

OFBENZALDEHYDE 


Concentration  of  Benzaldehyde  in  Corn  Oil 
for  Target  Concentration  (me/g)  (a) 

Date  Mixed 

21.8 

32.6  43.5  65.3 

87.1 

01/07/82 

01/12/82 

23.1 

(b) 36.4 

(c) 33.0 

47.4 

68.4 

03/04/82 

22.6 

34.0 

45.0 

44.3 

66.6 

84.4 

04/29/82 

22.2 

33.8 

44.4 

44.4 

63.3 

88.8 

06/24/82 

22.7 

33.6 

44.4 

44.8 

70.7 

90.6 

08/19/82 

21.6 

32.8 

43.4 

43.2 

65.0 

89.0 

10/14/82 

21.8 

33.0 

43.6 

43.8 

67.5 

89.7 

12/09/82 

12/14/82 

12/16/82 

23.4 

32.9 

43.4 

45.6 

65.4 

(b)102 
(d) 101 
(c)  84.5 

02/03/83 

02/08/83 

19.8 

31.4 

43.6 

46.3 

(b) 45.6 

(c) 67.7 

83.2 

03/31/83 

21.8 

32.8 

43.7 

44.2 

65.2 

87.4 

05/26/83 

22.4 

34.0 

44.8 

44.2 

66.9 

86.6 

07/21/83 

21.2 

31.2 

43.4 

42.4 

65.0 

87.8 

09/15/83 

23.5 

34.2 

44.8 

45.1 

65.5 

86.2 

11/10/83 

21.5 

32.6 

43.2 

43.3 

65.0 

86.6 

01/05/84 

22.1 

34.0 

44.3 

66.4 

Mean  (mg/g) 

22.1 

33.3 

44.3 

64.8 

88.5 

Standard  deviation 

0.97 

1.29 

1.06 

5.80 

4.74 

Coefficient  of  variation  (percent) 

4.4 

3.8 

2.4 

9.0 

5.3 

Range  (mg/g) 

19.8-23.5 

31.2-36.4 

42.4-47.4 

45.6-70.7 

83.2-102.0 

Number  of  samples 

14 

14 

26 

14 

12 

(a)  Results  of  duplicate  analysis 

( b ) Out  of  specifications;  not  used  in  studies. 

(c)  Remix;  not  included  in  the  mean. 

(d)  Remix  out  of  specifications;  not  used  in  studies;  not  included  in  the  mean. 
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TABLE  G5.  RESULTS  OF  REFEREE  ANALYSIS  OF  DOSE  FORMULATIONS  IN  THE  TWO-YEAR  GAVAGE 

STUDIES  OF  BENZALDEHYDE 


Determined  Concentration  (me/e) 

Target  Concentration 

Study 

Referee 

Date  Mixed 

(mg/g) 

Laboratory  (a) 

Laboratory  (b) 

03/04/82 

87.1 

84.4 

82.9 

10/14/82 

21.8 

21.8 

21.8 

03/31/83 

32.6 

32.8 

32.8 

09/15/83 

87.1 

86.2 

85.8 

(a)  Results  of  duplicate  analysis 

(b)  Results  of  triplicate  analysis 
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METHODS 

Salmonella  Protocol:  Testing  was  performed  as  reported  by  Ames  et  al.  (1975)  with  modifications 
listed  below  and  described  in  greater  detail  by  Haworth  et  al.  (1983).  Chemicals  were  sent  to  the 
laboratory  as  coded  aliquots  from  Radian  Corporation  (Austin,  TX).  The  study  chemical  was  incu- 
bated with  the  Salmonella  typhimurium  tester  strains  (TA98,  TAlOO,  TA102,  TA104,  TA1535,  and 
TA1537)  either  in  buffer  or  S9  mix  (metabolic  activation  enzymes  and  cofactors  from  Aroclor  1254- 
induced  male  F344  rat,  B6C3Fi  mouse,  or  Syrian  hamster  liver)  for  20  minutes  at  37°  C before  the 
addition  of  soft  agar  supplemented  with  L-histidine  and  D-biotin  and  subsequent  plating  on  minimal 
glucose  agar  plates.  Incubation  was  continued  for  an  additional  48  hours. 

Each  test  consisted  of  triplicate  plates  of  concurrent  positive  and  negative  controls  and  of  at  least  five 
doses  of  the  study  chemical.  The  high  dose  was  limited  by  toxicity  or  solubility  but  did  not  exceed  3.3 
mg/plate.  All  negative  assays  were  repeated,  and  all  positive  assays  were  repeated  under  the  con- 
ditions that  elicited  the  positive  response. 

A positive  response  was  defined  as  a reproducible,  dose-related  increase  in  histidine-independent  (re- 
vertant)  colonies  in  any  one  strain/activation  combination.  An  equivocal  response  was  defined  as  an 
increase  in  revertants  which  was  not  dose  related,  not  reproducible,  or  of  insufficient  magnitude  to 
support  a determination  of  mutagenicity.  A response  was  considered  negative  when  no  increase  in  re- 
vertant  colonies  was  observed  after  chemical  treatment. 

Mouse  Lymphoma  Protocol:  The  experimental  protocol  is  presented  in  detail  by  McGregor  et  al. 
(1990)  and  follows  the  basic  format  of  Clive  et  al.  (1979).  All  study  chemicals  were  supplied  as  coded 
aliquots  from  Radian  Corporation  (Austin,  TX).  The  highest  dose  of  the  study  compound  was  deter- 
mined by  solubility  or  toxicity  and  did  not  exceed  800  pg/ml.  Mouse  L5178Y/TK  lymphoma  cells  were 
maintained  at  37°  C as  suspension  cultures  in  Fischer’s  medium  supplemented  with  2 mM  L-gluta- 
mine,  110  pg/ml  sodium  pyruvate,  0.05%  pluronic  F68,  antibiotics,  and  heat-inactivated  horse  serum; 
normal  cycling  time  was  about  10  hours.  To  reduce  the  number  of  spontaneously  occurring  trifluoro- 
thymidine  (Tft)-resistant  cells,  subcultures  were  exposed  once  to  medium  containing  thymidine,  hy- 
poxanthine,  methotrexate,  and  glycine  for  1 day,  to  thymidine,  hypoxanthine,  and  glycine  for  1 day, 
and  to  normal  medium  for  3-5  days.  For  cloning,  horse  serum  content  was  increased  and  Noble  agar 
was  added.  Freshly  prepared  S9  metabolic  activation  factors  were  obtained  from  the  liver  of  either 
Aroclor  1254-induced  or  noninduced  male  F344  rats. 

All  doses  within  an  experiment,  including  concurrent  positive  and  solvent  controls,  were  replicated. 
Treated  cultures  contained  6 X 10®  cells  in  10  ml  of  medium.  This  volume  included  the  S9  fraction  in 
those  experiments  performed  with  metabolic  activation.  Incubation  with  the  study  chemical  con- 
tinued for  4 hours,  after  which  time  the  medium  plus  chemical  was  removed  and  the  cells  were  resus- 
pended in  20  ml  of  fresh  medium  and  incubated  for  an  additional  2 days  to  express  the  mutant  pheno- 
type. Cell  density  was  monitored  so  that  log  phase  growth  was  maintained.  After  the  48-hour 
expression  period,  3 X 10®  cells  were  plated  in  medium  and  soft  agar  supplemented  with  Tft  for  selec- 
tion of  Tft-resistant  cells  (TK'^^'*'),  and  600  cells  were  plated  in  nonselective  medium  and  soft  agar  to 
determine  cloning  efficiency.  Plates  were  incubated  at  37°  C under  5%  carbon  dioxide  for  10-12  days. 
All  data  were  evaluated  statistically  for  both  trend  and  peak  response.  Both  responses  had  to  be 
significant  (P<0.05)  for  a chemical  to  be  considered  capable  of  inducing  Tft  resistance;  a single 
significant  response  led  to  an  "equivocal”  conclusion,  and  the  absence  of  both  a trend  and  a peak 
response  resulted  in  a "negative”  call. 

Minimum  criteria  for  accepting  an  experiment  as  valid  and  a detailed  description  of  the  statistical 
analysis  and  data  evaluation  are  presented  in  Myhr  et  al.  (1985).  This  assay  was  initially  performed 
without  S9;  if  a clearly  positive  response  was  not  obtained,  the  experiment  was  repeated  with  induced 
S9. 
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Chinese  Hamster  Ovary  Cytogenetics  Assays:  Testing  was  performed  as  reported  by  Galloway  et  al. 

( 1985,  1987)  and  is  described  briefly  below.  Chemicals  were  sent  to  the  laboratory  as  coded  aliquots 
from  Radian  Corporation  (Austin,  TX).  Chemicals  were  tested  in  cultured  Chinese  hamster  ovary 
(CHO)  cells  for  induction  of  sister  chromatid  exchanges  (SCEs)  and  chromosomal  aberrations  both  in 
the  presence  and  absence  of  Aroclor  1254-induced  male  Sprague  Dawley  rat  liver  S9  and  cofactor  mix. 
Cultures  were  handled  under  gold  lights  to  prevent  photolysis  of  bromodeoxyuridine  (BrdU)-substi- 
tuted  DNA.  Each  test  consisted  of  concurrent  solvent  and  positive  controls  and  of  at  least  three  doses 
of  the  study  chemical;  the  high  dose  was  limited  by  toxicity  or  solubility  but  did  not  exceed  1.6  mg/ml. 

In  the  SCE  test  without  S9,  CHO  cells  were  incubated  for  26  hours  with  the  study  chemical  in 
.McCoy’s  5A  medium  supplemented  with  10%  fetal  bovine  serum,  L-glutamine  (2  mM),  and  antibiotics. 
BrdC  was  added  2 hours  after  culture  initiation.  After  26  hours,  the  medium  containing  the  study 
chemical  was  removed  and  replaced  with  fresh  medium  plus  BrdU  and  colcemid,  and  incubation  was 
continued  for  2 more  hours.  Cells  were  then  harvested  by  mitotic  shake-off,  fixed,  and  stained  with 
Hoechst  33258  and  Giemsa.  In  the  SCE  test  with  S9,  cells  were  incubated  with  the  chemical,  serum- 
free  medium,  and  S9  for  2 hours.  The  medium  was  then  removed  and  replaced  with  medium  con- 
taining BrdU  and  no  study  chemical;  incubation  proceeded  for  an  additional  26  hours,  with  colcemid 
present  for  the  final  2 hours.  Harvesting  and  staining  were  the  same  as  for  cells  treated  without  S9. 

In  the  chromosomal  aberration  test  without  S9,  cells  were  incubated  in  McCoy’s  5 A medium  with  the 
study  chemical  for  8 hours;  colcemid  was  added,  and  incubation  was  continued  for  2 hours.  The  cells 
were  then  harvested  by  mitotic  shake-off,  fixed,  and  stained  with  Giemsa.  For  the  chromosomal  aber- 
ration test  with  S9,  cells  were  treated  with  the  study  chemical  and  S9  for  2 hours,  after  which  the 
treatment  medium  was  removed  and  the  cells  were  incubated  for  10  hours  in  fresh  medium,  with 
colcemid  present  for  the  final  2 hours.  Cells  were  harvested  in  the  same  manner  as  for  the  treatment 
without  S9. 

For  the  SCE  test,  if  significant  chemical-induced  cell  cycle  delay  was  seen,  incubation  time  was 
lengthened  to  ensure  a sufficient  number  of  scorable  cells.  The  harvest  time  for  the  chromosomal 
aberration  test  was  based  on  the  cell  cycle  information  obtained  in  the  SCE  test;  if  cell  cycle  delay  was 
anticipated,  the  incubation  period  was  extended  approximately  5 hours. 

Cells  were  selected  for  scoring  on  the  basis  of  good  morphology  and  completeness  of  karyotype  (21  ± 2 
chromosomes).  All  slides  were  scored  blind,  and  those  from  a single  test  were  read  by  the  same 
person.  For  the  SCE  test,  50  second-division  metaphase  cells  were  usually  scored  for  frequency  of 
SCEs  per  cell  from  each  dose;  100  first-division  metaphase  cells  were  scored  at  each  dose  for  the  chro- 
mosomal aberration  test.  Classes  of  aberrations  included  simple  (breaks  and  terminal  deletions), 
complex  (rearrangements  and  translocations),  and  other  (pulverized  cells,  despiralized  chromosomes, 
and  cells  containing  10  or  more  aberrations). 

Statistical  analyses  were  conducted  on  both  the  slopes  of  the  dose-response  curves  and  the  individual 
dose  points.  An  SCE  frequency  20%  above  the  concurrent  solvent  control  value  was  chosen  as  a sta- 
tistically conservative  positive  response.  The  probability  of  this  level  of  difference  occurring  by 
chance  at  one  dose  point  is  less  than  0.01;  the  probability  for  such  a chance  occurrence  at  two  dose 
points  is  less  than  0.001.  Chromosomal  aberration  data  are  presented  as  percentage  of  cells  with 
aberrations.  As  with  SCEs,  both  the  dose-response  curve  and  individual  dose  points  were  statistically 
analyzed.  A statistically  significant  (P<  0.003)  trend  test  or  a significantly  increased  dose  point 
(P  < 0.05)  was  sufficient  to  indicate  a chemical  effect. 

Drosophila  Melanogaster  Protocol:  The  assays  for  gene  mutation  and  chromosomal  translocation  in- 
duction were  performed  as  described  by  Woodruff  et  al.  (1985).  Study  chemicals  were  supplied  as 
coded  aliquots  from  Radian  Corporation  (Austin,  TX).  Initially,  study  chemicals  were  assayed  in  the 
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sex-linked  recessive  lethal  (SLRL)  test  by  feeding  to  adult  Canton-S  wild-type  males  that  were  no 
more  than  24  hours  old.  If  no  response  was  obtained,  the  chemical  was  retested  by  injection  into  adult 
males.  If  either  route  of  administration  produced  a positive  result,  the  chemical  was  assayed  for  in- 
duction of  reciprocal  translocations  (RTs)  by  using  the  same  method  of  exposure.  If,  because  of  the 
physical  nature  of  the  chemical,  feeding  experiments  were  not  possible,  injection  was  selected  as  the 
method  of  study  chemical  administration,  and  a positive  result  was  followed  by  an  RT  test. 

To  administer  a chemical  by  injection,  a glass  Pasteur  pipette  is  drawn  out  in  a flame  to  a microfine 
filament  and  the  tip  is  broken  off  to  allow  delivery  of  the  test  solution.  Injection  is  either  done  manu- 
ally by  attaching  a rubber  bulb  to  the  other  end  of  the  pipette  and  forcing  through  sufficient  solution 
to  slightly  distend  the  abdomen  of  the  fly  (0.2-0. 3 pi)  or  by  attaching  the  pipette  to  a microinjector 
that  automatically  delivers  a calibrated  volume.  Flies  are  anesthetized  with  ether  and  immobilized 
on  a strip  of  double-stick  tape;  injection  into  the  thorax  under  the  wing  is  performed  with  the  aid  of  a 
dissecting  microscope. 

Toxicity  tests  attempted  to  set  concentrations  of  study  chemical  at  a level  that  would  produce  30% 
mortality  after  72  hours  of  feeding  or  24  hours  after  injection,  while  keeping  induced  sterility  at  an 
acceptable  level.  For  the  SLRL  test,  exposure  by  feeding  was  done  by  allowing  Canton-S  males  (10-20 
flies  per  vial)  to  feed  for  72  hours  on  a solution  of  the  study  chemical  in  5%  sucrose.  In  the  injection 
experiments,  24-  to  72-hour-old  Canton-S  males  were  given  a solution  of  the  chemical  dissolved  in 
0.7%  saline  or  peanut  oil  and  allowed  24  hours  to  recover.  Exposed  males  were  mated  to  three  Base  fe- 
males for  3 days  and  given  fresh  females  at  2-day  intervals  to  produce  three  matings  of  3,  2,  and  2 
days;  sample  sperm  from  successive  matings  were  treated  as  successively  earlier  postmeiotic  stages. 
Fi  heterozygous  females  were  allowed  to  mate  with  their  siblings  and  then  were  placed  in  individual 
vials.  Fi  daughters  from  the  same  parental  male  were  kept  together  to  identify  clusters.  (A  cluster 
occurs  when  a number  of  mutants  from  a given  male  result  from  a single  spontaneous  premeiotic  mu- 
tation event  and  is  identified  when  the  number  of  mutants  from  that  male  exceeds  the  number  pre- 
dicted by  a Poisson  distribution.)  If  a cluster  was  identified,  all  data  from  the  male  in  question  were 
discarded.  After  17  days,  presumptive  lethal  mutations  were  identified  as  vials  containing  no  wild- 
type  males;  these  were  retested.  At  least  two  experiments  were  performed  for  each  study  chemical, 
resulting  in  the  testing  of  some  5,000  treated  and  5,000  control  chromosomes.  The  only  exceptions  oc- 
curred when  the  results  of  the  first  experiment  were  clearly  positive  (induced  frequency  of  recessive 
lethal  mutations  equal  to  or  greater  than  1%);  then,  the  second  trial  was  run. 

Recessive  lethal  data  were  analyzed  by  the  normal  test  (Margolin  et  al.,  1983).  A test  result  was  con- 
sidered to  be  positive  if  the  P value  was  less  than  0.01  and  the  mutation  frequency  in  the  tested  group 
was  greater  than  0.10%  or  if  the  P value  was  less  than  0.05  and  the  frequency  in  the  treatment  group 
was  greater  than  0.15%.  A test  was  considered  to  be  inconclusive  if  (a)  the  P value  was  between  0.05 
and  0.01  but  the  frequency  in  the  treatment  group  was  between  0.10%  and  0.15%  or  (b)  the  P value 
was  between  0.10  and  0.05  but  the  frequency  in  the  treatment  group  was  greater  than  0.10%.  A re- 
sult was  considered  to  be  negative  if  the  P value  was  greater  than  0.10  or  if  the  frequency  in  the 
treatment  group  was  less  than  0.10%. 
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RKSULTS 

fienzaldehyde  was  not  mutagenic  to  S.  typhimurium  strains  TAlOO,  TA1535,  TA1537,  or  TA98  when 
tested  according  to  a preincubation  protocol  with  doses  up  to  1,000  pg/plate  (slight  toxicity  noted  at 
this  dose)  in  both  the  presence  and  absence  of  Aroclor  1254-induced  male  Sprague  Dawley  rat  or  Syri- 
an hamster  liver  S9  (Haworth  et  al.,  1983;  Table  HI).  Results  of  S.  typhimurium  mutagenicity  tests 
performed  in  a second  laboratory  with  benzaldehyde  doses  of  up  to  3,333  pg/plate  in  strains  TAlOO, 
TA102,  and  TA104  with  and  without  induced  rat  or  mouse  liver  S9  were  also  negative  (Table  HI). 
Benzaldehyde  gave  a positive  response  in  the  absence  of  exogenous  metabolic  activation  for  induction 
of  trifluorothymidine  resistance  in  mouse  L5178Y/TK  cells  at  the  highest  dose  tested  in  each  of  two 
trials;  no  tests  were  performed  with  activation  (McGregor  et  al.,  1990;  Table  H2).  In  cytogenetic  tests 
with  CHO  cells,  benzaldehyde  induced  SCEs  at  doses  of  50  and  160  pg/ml  in  the  absence  of  S9  and  at  a 
dose  of  1,600  pg/ml  in  the  presence  of  Aroclor  1254-induced  male  Sprague  Dawley  rat  liver  S9  (Gallo- 
way et  al.,  1987;  Table  H3).  No  induction  of  chromosomal  aberrations  was  observed  in  CHO  cells 
treated  with  up  to  500  pg/ml  benzaldehyde  in  the  absence  of  S9  or  with  up  to  1,600  pg/ml  with  S9 
(Galloway  et  al.,  1987;  Table  H4).  No  significant  induction  of  sex-linked  recessive  lethal  mutations 
was  observed  in  the  germ  cells  of  male  D.  melanogaster  administered  benzaldehyde  at  a concentration 
of  1,150  ppm  by  feeding  or  2,500  ppm  by  injection  (Woodruff  et  al.,  1985;  Table  H5). 
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TABLE  HI.  MUTAGENICITY  OF  BENZALDEHYDE  IN  SALMONELLA  TYPHIMURIUM  (a) 


Strain  Dose 
((ig/plate) 


Revertants/Plate  (b) 


TA102  (c) 

-S9 

+ 10%  S9  (mouse) 

+ 10%  S9  (rat) 

Trial 

1 

Trial  2 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

0 

243 

+ 

6.9 

213  ± 1.5 

267  ± 17.4 

232  ± 16.2 

263  ± 9.3 

202  ± 1.3 

33 

300 

+ 

16.0 

183  ± 9.6 

246  ± 26.5 

244  ± 19.5 

264  ± 23.8 

210  ± 5.0 

100 

273 

± 

4.3 

195  ± 16.5 

215  ± 0.0 

244  ± 16.1 

234  ± 10.6 

210  ± 5.5 

333 

227 

± 

12.2 

179  ± 11.4 

255  ± 24.1 

244  ± 14.2 

250  ± 12.3 

205  ± 2.3 

1,000 

254 

+ 

8.7 

168  ± 8.8 

212  ± 4.2 

178  ± 5.4 

281  ± 7.2 

195  ± 15.5 

(d)  3,333 

69 

± 

10.2 

42  ± 5.3 

99  ± 9.5 

133  ± 6.2 

70  ± 9.3 

102  ± 7.3 

Trial  summary 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive  control  (e) 

1,422 

± 

52.4 

1,142  ± 183.3 

446  ± 8.0 

392  ± 8.0 

530  ± 37.9 

373  ± 10.8 

TA104  (c) 

-S9 

+ S9  (mouse) 

+ S9  (rat) 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

0 

275 

± 9.2 

362  ± 9.3 

447  ± 14.4 

452  ± 9.6 

382  ± 12.3 

33 

301 

± 11.5 

345  ± 20.5 

467  ± 12.2 

437  ± 12.5 

395  ± 28.1 

100 

313 

± 12.3 

417  ± 14.6 

394  ± 48.8 

437  ± 17.6 

347  ± 18.2 

333 

281 

± 21.9 

352  ± 29.6 

387  ± 5.5 

412  ± 19.2 

366  ± 24.8 

1,000 

274 

± 9.6 

320  ± 11.9 

369  ± 17.1 

358  ± 35.8 

399  ± 8.6 

(d)  3,333 

72 

± 8.5 

256  ± 19.2 

338  ± 6.8 

246  ± 14.5 

250  ± 0.9 

Trial  summary 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive  control  (e) 

609 

± 39.8 

724  ± 19.9 

626  ± 27.8 

1,031  ± 88.4 

544  ± 27.2 

TAIOO  (c) 

-S9 

+ S9  (mouse) 

+ S9  (rat) 

Trial 

1 

Trial  2 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

0 

84 

± 

1.9 

87  ± 4.4 

101  ± 7.0 

94  ± 4.9 

100  ± 6.7 

113  ± 11.1 

33 

81 

± 

3.3 

94  ± 4.5 

103  ± 8.5 

101  ± 7.8 

103  ± 4.0 

106  ± 8.4 

100 

82 

± 

3.4 

96  ± 1.5 

100  ± 1.5 

77  ± 2.3 

98  ± 11.1 

124  ± 5.0 

333 

80 

± 

9.0 

79  ± 5.5 

102  ± 4.8 

96  ± 7.2 

93  ± 7.0 

119  ± 3.8 

1,000 

90 

± 

2.3 

87  ± 0.7 

86  ± 1.2 

88  ± 1.9 

98  ± 9.2 

88  ± 4.0 

(d)  3,333 

2 

± 

1.2 

66  ± 4.9 

70  ± 6.0 

81  ± 1.5 

24  ± 7.5 

87  ± 10.6 

Trial  summary 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive  control  (e) 

253 

± 

5.2 

439  ± 20.4 

2,071  ± 19.1 

661  ± 81.6 

899  ± 35.4 

219  ± 17.9 

TAIOO  (f) 

-S9 

+ 10%  S9  (hamster) 

+ 10% 

S9  (rat) 

Trial 

1 

Trial  2 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

0 

143 

± 

13.1 

132  ± 16.4 

80  ± 3.8 

117  ± 6.0 

148  ± 5.4 

123  ± 1.9 

10 

135 

± 

11.1 

127  ± 4.7 

83  ± 4.9 

103  ± 5.2 

142  ± 5.8 

115  ± 4.6 

33 

130 

± 

6.0 

118  ± 4.7 

116  ± 6.4 

111  ± 2.7 

134  ± 3.1 

122  ± 3.9 

100 

123 

± 

10.0 

105  ± 5.0 

81  ± 5.6 

96  ± 4.1 

131  ± 1.7 

115  ± 2.5 

333 

120 

± 

1.2 

(d)108  ± 6.5 

87  ± 3.6 

103  ± 10.1 

132  ± 5.7 

125  ± 11.4 

(d)  1,000 

120 

± 

0.9 

102  ± 5.6 

81  ± 1.3 

90  ± 3.7 

128  ± 0.6 

116  ± 11.4 

Trial  summary 

Negati 

ive 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive  control  (e) 

2,226 

± 

29.7 

2,124  ± 65.5 

757  ± 25.5 

1,044  ± 8.1 

431  ± 28.8 

745  ± 6.9 

Benzaldehyde,  NTP  TR  378 

184 

TABLE  HI.  MUTAGEMCrTY  OF  BENZAUDEHYDE  IN  SALMONELLA  TTPH/Mt/R/UM  (Continued 


Strain  Dose  Revertants  Place  Ec 

ip^platet 


-S9 

— lO^r  S9  hamster  1 

— lihe  59  rat 

Trial  1 

Trial  2 

Trial  1 Trial  2 

Trial  1 Trial  2 

TA1535  r 0 

32 

- 4.0 

19 

— 

4.4 

10 

r 3.0 

6 

— 22? 

14 

r 

9 

r 0.3 

10 

30 

= 3.9 

22 

— 

0.7 

11 

= 1.3 

10 

r 3.8 

10 

r 

1.2 

9 

r 1.5 

33 

26 

r 0.6 

30 

— 

4.4 

15 

r 2.0 

9 

= 2.3 

K 

r 

3.1 

9 

— 2 2 

100 

26 

r 3.2 

16 

r 

4.1 

9 

r 0.7 

10 

r 2.9 

14 

± 

0.6 

9 

- '5 

333 

t 

_ -t 

r 1.0 

21 

r 

2.0 

6 

n 1.5 

11 

r 2.1 

12 

— 

2.0 

10 

= 0.9 

1.000 

id  IS 

r 3:2 

id  20 

<d«9 

r 1.7 

11 

= 1.5 

d'iS 

2.0 

11 

= 2.6 

Tr’.ai  summary 

Negative 

Negative 

Negative 

N egative 

Negative 

Negative 

P'XSJtive  control 

*e: 

1.96-i 

r 31 

1.566 

56.5 

108 

97 

= 12.7 

- 

T. 

11.1 

^2 

a 4 4 

T.A1537  -r  0 

16 

r 1.5 

-7 

— 

l.T 

12 

- 0.0 

6 

± 0.9 

13 

± 

3.1 

6 

r 0.7 

10 

11 

r 0.6 

— 

0.9 

13 

= 1.2 

y 

± 1.3 

16 

r 

4.2 

~ 

a 2.6 

33 

14 

r 3.3 

rr 

0." 

15 

r 1.9 

7 

± 0.9 

16 

r 

2.6 

r 1.3 

100 

14 

= 2.7 

0.7 

11 

a 2.0 

7 

= 1.5 

13 

r 

1.7 

r 3.3 

333 

13 

r 2.1 

s 

- 

1.9 

14 

- 0.7 

10 

± 0.9 

15 

- 

0.“ 

4 

r 0.3 

1.000 

id<  7 

= 1.5 

6 

1.5 

12 

r 0.9 

;<dt6 

r 1.9 

15 

4.4 

id  i6 

= 2.0 

Trial  summary 

Negative 

Negative 

N egative 

Negative 

Negative 

Xegat.ve 

Positive  contooi 

• e’ 

765 

r 57h> 

303 

36.3 

149 

± 6.5 

125 

= 17.0 

59 

5.0 

62 

r 4 6 

T.A9Sr  0 

21 

± 2.3 

“20 

- 

1.0 

31 

r 4.0 

30 

1 4.0 

37 

1.0 

r 1.5 

10 

26 

r 0.3 

23 

— 

4.1 

30 

n 3.1 

■23 

n 4.0 

33 

± 

3.7 

21 

r 3.7 

33 

26 

r 3.0 

22 

r: 

2.3 

33 

n 5J> 

23 

= 3.6 

36 

r 

1.2 

21 

r 2.1 

100 

21 

_ 2 2 

19 

— 

2.6 

36 

= 1.5 

22 

tt  3.0 

33 

* 

3.5 

30 

= 2.9 

333 

26 

r 2.0 

15 

r: 

1.7 

->7 

r 1.5 

30 

± “2.1 

•29 

r 

1.9 

30 

r 4 0 

1.000 

26 

r 1.2 

17 

r 

4.6 

27 

± 1.6 

(di'“20 

- 2.3 

26 

2.3 

r 3.6 

Trial  summary 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive  control 

2.226 

r 34.5 

1.665 

•>-  - 

1,763 

r 47.0 

1,032 

= 55.6 

925 

1‘.3 

560 

= 13.0 

‘ a'  The  detailed  prot^jcol  is  presented  by  Ha'^rc-rth  et  aL  ' 19S3  ).  Cells  and  study  compound  or  sc  ivem  idimethyj  saifoxice  were 
incubated  in  the  absence  of  exogenous  metabolic  activation  — SS  i or  with  Arcelor  induced  59  from  male  Syr-.a.-.  .hamster, 
F'344  rat,  or  BnC3F - mouse  liver.  High  dose  was  limited  by  toxicity  or  solubOiiy  but  did  not  exceed  10  mg  plate;  o .„g  plate  dose 
is  the  solvent  controL 

ib)Rev  ertants  are  presented  as  mean  ~ standard  error  from  three  plates, 
let  Study  performed  at  Inveress  Research  Interna cionai 
‘d ! Slight  toxicity 

lei  Positive  control:  2-amlnoanthracene  was  used  with  all  strains  in  the  presence  of  59.  In  the  absence  :f  meiab;  h.c  a::n.  at;  on. 
4-nitro-o-phenylenediamine  was  used  with  TA9S,  sodium  azide  was  used  with  T.AIOO  and  T.A15o5.  and  9-aminca;m..ne  was 
used  with  T.A153T. 

Study  performed  at  EGiG  Mason  Research  InsGtute 
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TABLE  H2.  INDUCTION  OF  TRIFLUOROTHYMIDINE  RESISTANCE  BY  BENZALDEHYDE  IN  MOUSE 

L5178Y  LYMPHOMA  CELLS  (a,b) 


Cloning 

Relative 

Tft-Resistant 

Mutant 

Compound 

Concentration 

Efficiency 

Total  Growth 

Cells 

Fraction  (c) 

(pg/ml) 

(percent) 

(percent) 

-S9 
Trial  1 


Dimethyl  sulfoxide 

74.3  ± 8.2 

99.7 

± 2.6 

114.3 

+ 

7.7 

52.0 

+ 

2.6 

Benzaldehyde 

(d)50 

66.0  ± 6.0 

96.5 

± 4.5 

98.5 

+ 

6.5 

50.0 

± 

1.0 

100 

85.0  ± 5.0 

102.0 

± 1.0 

130.0 

± 

6.0 

51.0 

+ 

0.0 

200 

69.5  ±10.5 

79.5 

±14.5 

125.5 

± 

4.5 

61.5 

± 

7.5 

400 

73.0  ± 5.0 

55.0 

± 4.0 

403.5 

± 

2.5 

(e)  185.5 

± 

14.5 

800 

Lethal 

- 

- 

-- 

Methyl  methanesulfonate 

(d)  15 

49.5  ± 4.5 

29.5 

± 2.5 

365.5 

± 

26.5 

(e)  247.0 

± 

7.0 

Trial  2 

Dimethyl  sulfoxide  (f) 

70.0  ± 3.6 

100.0 

± 5.5 

109.8 

± 

2.0 

53.0 

± 

3.3 

Benzaldehyde 

80 

75.0  ± 9.2 

81.0 

± 6.4 

108.0 

± 

20.1 

47.3 

± 

3.7 

160 

78.3  ± 6.7 

77.3 

± 1.8 

134.7 

± 

18.8 

56.7 

± 

3.4 

320 

81.0  ± 5.5 

36.0 

± 3.1 

171.0 

± 

6.8 

71.0 

± 

6.8 

480 

65.0  ± 9.3 

13.3 

± 2.0 

186.3 

± 

10.1 

(e)  98.0 

± 

8.7 

640 

Lethal 

- 

- 

- 

Methyl  methanesulfonate 

(d)  15 

19.5  ± 1.5 

13.5 

± 1.5 

181.5 

± 

5.5 

(e)314.5 

+ 

17.5 

(a)  Study  performed  at  Inveresk  Research  International.  The  experimental  protocol  is  presented  in  detail  by  McGregor  et  al. 
(1990)  and  follows  the  basic  format  of  Clive  et  al.  (1979).  The  highest  dose  of  study  compound  is  determined  by  solubility  or 
toxicity  and  may  not  exceed  5 mg/ml.  All  doses  are  tested  in  triplicate,  unless  otherwise  specified;  the  average  for  the  tests  is 
presented  in  the  table.  Cells  (6  X lO^/ml)  were  treated  for  4 hours  at  37°  C in  medium,  washed,  resuspended  in  medium,  and 
incubated  for  48  hours  at  37°  C.  After  expression,  3 X 10®  cells  were  plated  in  medium  and  soft  agar  supplemented  with 
trifluorothymidine  (Tft)  for  selection  of  Tft-resistant  cells,  and  600  cells  were  plated  in  nonselective  medium  and  soft  agar  to 
determine  the  cloning  efficiency. 

(b)  Mean  ± standard  error  from  replicate  trials  of  approximately  1 X 10®  cells  each.  All  data  are  evaluated  statistically  for 
both  trend  and  peak  response  (P<0.05  for  at  least  one  of  the  three  highest  dose  sets).  Both  responses  must  be  significantly 
(P<0.05)  positive  for  a chemical  to  be  considered  capable  of  inducing  Tft  resistance.  If  only  one  of  these  responses  is  significant, 
the  call  is  "equivocal”;  the  absence  of  both  trend  and  peak  response  results  in  a "negative”  call. 

(c)  Mutant  fraction  (frequency)  is  a ratio  of  the  Tft-resistant  cells  to  the  cloning  efficiency,  divided  by  3 (to  arrive  at  MF  per 
1 X 10®  cells  treated);  MF  = mutant  fraction. 

(d)  Data  presented  are  the  average  of  two  tests. 

(e)  Significant  positive  response;  occurs  when  the  relative  mutant  fraction  (average  MF  of  treated  culture/average  MF  of  sol- 
vent control)  is  greater  than  or  equal  to  1 .6. 

(f)  Data  presented  are  the  average  of  four  tests. 
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TABLE  113.  INDUCTION  OF  SISTER  CHROMATID  EXCHANGES  IN  CHINESE  HAMSTER  OVARY  CELLS 

BY  BENZALDEHYDE  (a) 


Compound 

Dose 

(pg/mi) 

Total 

Cells 

No.  of 
Chromo- 
somes 

No.  of 
SCEs 

SCEs/ 

Chromo- 

some 

Relative 

SCEs/  Hours  SCEs/Cell 
Cell  in  BrdU  (percent)  (b) 

-S9  (c)  Summary:  Positive 

Dimethyl  sulfoxide 

50 

1,045 

459 

0.44 

9.2 

26.0 

Benzaldehyde 

5 

50 

1,045 

481 

0.46 

9.6 

26.0 

104.3 

16 

50 

1,045 

512 

0.49 

10.2 

26.0 

110.9 

50 

50 

1,044 

567 

0.54 

11.3 

26.0 

122.8 

160 

50 

1,034 

689 

0.67 

13.8 

26.0 

150.0 

Triethylenemelamine 

0.015 

50 

1,044 

1,781 

1.71 

35.6 

26.0 

387.0 

+ S9  (d)  Summary;  Weakly  positive 

Dimethyl  sulfoxide 

50 

1,048 

431 

0.41 

8.6 

26.0 

Benzaldehyde 

160 

50 

1,049 

469 

0.45 

9.4 

26.0 

109.3 

500 

50 

1,047 

489 

0.47 

9.8 

26.0 

114.0 

1,600 

50 

1,050 

566 

0.54 

11.3 

26.0 

131.4 

Cyclophosphamide 

1 

50 

1,049 

1,165 

1.11 

23.3 

26.0 

270.9 

(a)  Study  performed  at  Columbia  University.  SCE  = sister  chromatid  exchange;  BrdU  = bromodeoxyuridine.  A detailed  de- 
scription of  the  SCE  protocol  is  presented  by  Galloway  et  al.  (1985).  Briefly,  Chinese  hamster  ovary  cells  were  incubated  with 
study  compound  or  solvent  as  described  in  (c)  and  (d)  below  and  cultured  for  sufficient  time  to  reach  second  metaphase  division. 
Cells  were  then  collected  by  mitotic  shake-off,  fixed,  air  dried,  and  stained. 

(b)  SCEs/cell  of  culture  exposed  to  study  chemical  relative  to  those  of culture  exposed  to  solvent 

(c)  In  the  absence  of  S9,  Chinese  hamster  ovary  cells  were  incubated  with  study  compound  or  solvent  for  2 hours  at  37°  C.  Then 
BrdU  was  added,  and  incubation  was  continued  for  24  hours.  Cells  were  washed,  fresh  medium  containing  BrdU  and  colcemid 
was  added,  and  incubation  was  continued  for  2-3  hours. 

(d)  In  the  presence  of  S9,  cells  were  incubated  with  study  compound  or  solvent  for  2 hours  at  37°  C.  Cells  were  then  washed,  and 
medium  containing  BrdU  was  added.  Cells  were  incubated  for  a further  26  hours,  with  colcemid  present  for  the  final  2-3  hours. 
S9  was  from  the  liver  of  Aroclor  1 254-induced  male  Sprague  Dawley  rats. 
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TABLE  H4.  INDUCTION  OF  CHROMOSOMAL  ABERRATIONS  IN  CHINESE  HAMSTER  OVARY  CELLS  *| 

BY  BENZALDEHYDE  (a) 


-S9  (b) 

+ S9  (c) 

Dose 

(pg/ml) 

Total 

Cells 

No.  of 
Abs 

Abs/ 

Cell 

Percent 
Cells 
with  Abs 

Dose 

(pg/ml) 

Total 

Cells 

No.  of 
Abs 

Abs/ 

Cell 

Percent 
Cells 
with  Abs 

Harvest  time:  14  hours 

Harvest  time:  14  hours 

Dimethyl  sulfoxide 

Dimethyl  sulfoxide 

100 

3 

0.03 

3.0 

3.0 

100 

3 

0.03 

3.0 

3.0 

Benzaldehyde 

Benzaldehyde 

50 

100 

3 

0.03 

3.0 

160 

100 

5 

0.05 

5.0 

160 

100 

3 

0.03 

3.0 

500 

100 

3 

0.03 

3.0 

500 

100 

3 

0.03 

2.0 

1,600 

100 

6 

0.06 

6.0 

Summary:  Negative 

Summary:  Negat 

ive 

Triethylenemelamine 

Cyclophosphamide 

0.15 

100 

34 

0.34 

25.0 

15 

100 

57 

0.57 

32.0 

(a)  Study  performed  at  Columbia  University.  Abs  = aberrations.  The  detailed  protocol  along  with  these  data  are  presented  in 
Galloway  et  al.  (1987).  Briefly,  Chinese  hamster  ovary  cells  were  incubated  with  study  compound  or  solvent  as  indicated  in  (b) 
and  (c).  Cells  were  arrested  in  first  metaphase  by  addition  of  colcemid  and  harvested  by  mitotic  shake-off,  fixed,  and  stained  in 
6%  Giemsa. 

(b)  In  the  absence  of  S9,  cells  were  incubated  with  study  compound  or  solvent  for  8-10  hours  at  37°  C.  Cells  were  then  washed, 
and  fresh  medium  containing  colcemid  was  added  for  an  additional  2-3  hours  follow'ed  by  harvest. 

(c)  In  the  presence  of  S9,  cells  were  incubated  with  study  compound  or  solvent  for  2 hours  at  37°  C.  Cells  were  then  washed,  me- 
dium was  added,  and  incubation  was  continued  for  8-10  hours.  Colcemid  was  added  for  the  last  2-3  hours  of  incubation  before 
harvest.  S9  was  from  the  liver  of  Aroclor  1 254-induced  male  Sprague  Dawley  rats. 


TABLE  H5.  INDUCTION  OF  SEX-LINKED  RECESSIVE  LETHAL  MUTATIONS  IN  DROSOPHILA 

MELANOGASTER  BY  BENZALDEHYDE  (a) 


Route  of  Incidence  of  Incidence  of  No,  of  Lethals/No,  of  X Chromosomes  Tested  Overall 

Exposure  Dose  Deaths  Sterility  Mating  1 Mating  2 Mating  3 Total 

(ppm)  (percent)  (percent)  (b) 


Feeding 

1,150 

0 

24 

3 

3/2,053 

0/2,039 

0/1,871 

3/1,877 

2/1,885 

0/1,740 

5/5,809(0.09%) 

3/5,656(0.05%) 

Injection 

2,500 

0 

12 

0 

5/2,774 

3/2,966 

4/1,739 

0/2,537 

0/1,594 

3/2,392 

9/6,107(0.15%) 

6/7,895(0.08%) 

ff 


(a)  Study  performed  at  University  of  Wisconsin--Madison.  A detailed  protocol  of  the  sex-linked  recessive  lethal  assay  is 
presented  by  Woodruff  et  al.  ( 1985).  Exposure  by  feeding  was  done  by  allowing  24-hour-old  Canton-S  males  to  feed  for  3 days  on 
a solution  of  the  study  chemical  dissolved  in  5%  sucrose.  In  the  injection  experiments,  24-hour-old  Canton-S  males  were  treated 
with  a solution  of  the  chemical  dissolved  in  0.7%  saline  and  allowed  24  hours  to  recover.  Exposed  males  were  mated  to  three 
Base  females  for  3 days  and  given  fresh  females  at  2-day  intervals  to  produce  three  broods  of  3,  2,  and  2 days:  sample  sperm  from 
successive  matings  were  treated  as  spermatozoa  (mating  1),  spermatids  (mating  2),  and  spermatocytes  (mating  3). 
heterozygous  females  were  crossed  to  their  siblings  and  placed  in  individual  vials.  F ^ daughters  from  the  same  parental  male 
were  kept  together  to  identify  clusters;  no  clusters  were  found.  After  17  days,  presumptive  lethal  mutations  were  identified  as 
vials  containing  no  wild-type  males;  these  were  retested.  Results  were  notsignificant  at  the  5%  level  (Margolin  et  al.,  1983). 

(b)  Combined  total  of  number  of  lethal  mutations/number  of  X chromosomes  tested  for  three  mating  trials 
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The  pathology  specimens,  experimental  data,  study  documents,  and  draft  of  NTP  Technical  Report 
No.  378  for  the  2-year  studies  of  benzaldehyde  in  rats  and  mice  were  audited  for  the  National  Insti- 
tute of  Environmental  Health  Sciences  (NIEHS)  at  the  National  Toxicology  Program  (NTP)  Archives 
by  quality  assurance,  resource-support  contractors.  The  audit  included  review  of: 

(1)  All  records  concerning  animal  receipt,  quarantine,  randomization,  and  disposition  prior  to  the 
start  of  dosing. 

(2)  All  inlLfe  records  including  protocol,  correspondence,  animal  identification,  animal  husband- 
ry, environmental  conditions,  dosing,  external  masses,  mortality,  and  serology. 

(3)  Body  weight  and  clinical  observation  data;  all  data  were  scanned  before  individual  data  for  a 
random  10%  sample  of  animals  in  each  study  group  were  reviewed  in  detail. 

(4)  All  study  chemical  records. 

(5)  All  postmortem  records  for  individual  animals  concerning  date  of  death,  disposition  code,  con- 
dition code,  tissue  accountability,  correlation  of  masses  or  clinical  signs  recorded  at  or  near 
the  last  inlife  observation  with  gross  observations  and  microscopic  diagnoses,  consistency  of 
data  entry  on  necropsy  record  forms,  and  correlation  between  gross  observations  and  micro- 
scopic diagnoses. 

(6)  Inventory  for  wet  tissue  bags  from  all  animals,  and  residual  wet  tissues  from  a random  20% 
sample  of  animals  in  each  study  group,  plus  other  relevant  cases,  to  evaluate  the  integrity  of 
individual  animal  identity  and  the  thoroughness  of  necropsy  and  trimming  procedure 
performance. 

(7)  Blocks  and  slides  of  tissues  from  a random  20%  sample  of  animals  from  each  study  group,  plus 
animals  with  less  than  complete  or  correct  identification,  to  examine  for  proper  inventory,  la- 
beling, matching  of  tissue  sections,  and  preservation. 

(8)  All  microscopic  diagnoses  for  a random  10%  sample  of  animals,  plus  100%  of  the  changes  in 
diagnoses  made  to  preliminary  pathology  tables,  to  verify  their  incorporation  into  the  final 
pathology  tables. 

(9)  The  extent  of  correlation  between  the  data,  factual  information,  and  procedures  for  the  2-year 
studies  as  presented  in  the  draft  Technical  Report  and  the  study  records  available  at  the  NTP 
Archives. 

Procedures  and  events  for  the  exposure  phase  of  the  studies  were  documented  adequately,  with  the 
exception  that  archival  records  needed  to  document  part  or  all  of  the  following  were  not  at  the  Ar- 
chives: room  air  change  rate;  room  light  cycle;  type  of  cage,  filter,  rack,  feeder,  bedding,  and  deter- 
gents used;  method  of  animal  kill;  and  red-lined  pathology  tables  for  mice.  Review  of  the  available 
records  indicated  that  protocol-specified  procedures  for  animal  care  were  followed  adequately.  Rec- 
ords that  documented  the  preparation,  analysis,  and  administration  of  doses  to  animals  were  com- 
plete and  accurate.  The  review  of  body  weight  records  showed  that  48/48  recalulated  mean  values 
were  correct  and  that  the  original  records  contained  data  for  4 weeks  that  had  not  been  included  in, 
but  have  since  been  added  to,  the  Technical  Report. 

Data  entries  on  necropsy  forms  were  made  appropriately  for  rats  and  mice.  Each  external  mass  re- 
corded during  the  last  few  months  of  the  life  correlated  with  an  observation  recorded  at  necropsy,  ex- 
cept for  17  in  rats  and  5 in  mice.  The  date  of  death  and  disposition  code  recorded  at  necropsy  for  each 
unscheduled-death  animal  (118  rats  and  112  mice)  had  matching  entries  among  the  inlife,  animal- 
removal  records.  The  condition  code  assigned  at  necropsy  was  consistent  with  gross  observations  and 
tissue  accountability. 

Individual  animal  identifiers  (on  ears  and  toes)  were  present  and  correct  in  the  residual  tissue  bags 
for  43/51  rats  and  56/56  mice  examined.  Review  of  the  entire  data  trail  for  the  eight  rats  with  less 
than  complete  and  correct  identifiers  indicated  that  the  integrity  of  individual  animal  identity  had 
been  maintained.  A total  of  6 untrimmed  potential  lesions  (1  involved  the  skin)  was  found  in  the  wet 
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tissues  of  51  rats  examined,  and  5 lesions  (3  involved  the  forestomach)  were  found  in  the  wet  tissues  of 
56  mice  examined.  Histopathology  that  was  performed  on  the  forestomach  of  female  mice  subsequent 
to  the  audit  identified  additional  diagnoses  of  hyperplasia  and  squamous  papilloma;  these  data  were 
incorporated  into  the  Technical  Report.  Each  gross  observation  made  at  necropsy  had  a correspond- 
ing microscopic  diagnosis  for  all  but  three  in  rats  and  seven  in  mice.  Blocks  and  slides  were  present 
and  labeled  correctly;  corresponding  tissue  sections  in  blocks  and  on  slides  matched  each  other  prop- 
erly. All  post-Pathology  Working  Group  changes  in  diagnoses  for  rats  had  been  incorporated  into  the 
final  pathology  tables.  Rates  for  the  incidence  of  neoplasms  given  in  the  Technical  Report  were  the 
same  as  those  in  the  final  pathology  tables  at  the  Archives. 

This  summary  describes  general  audit  findings  and  the  extent  to  which  the  data  and  factual  informa- 
tion presented  in  the  Technical  Report  are  supported  by  records  at  the  NTP  Archives.  Full  details  are 
presented  in  audit  reports  that  are  on  file  at  the  NIEHS. 
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